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ABSTRACT

Netwcrks were ccnceived in the 1950's, borer in +the
1960's and grew up in the 1970's, Today they constitute a
technology vwith applications in a ayriad of disciplinss.
Inforsaticn sharing has been one of the areas greatly aided
by computer nstworks. The Coamunity On-Line 1Ixztelligence
System (CCINS) is an information sharing network ia the 0.S.
intelligence comaunity. CCINS offers batch and interactive

- services which are <separate and independant of each cther.

Iq

- The inforsation acquisition process has elemsnts of interac-
" tive and batch. The design of an information sharing

network shculd provide the foundation to accoamodate *his
two-phased activity. This thesis introduces the conca2pt of
collaktoraticn between <these autonomous network servicas,
propcses a re-allocation of network capacity in CCINS and
examines hcw this new scheme can improve performance and
efficiency from a user and managerial perspective.
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I. INTRODUCTION

In recsnt years, we have witnessad changes ir informa-
tion searching and sharing practices. With the dramatic
decrease in digital technology and the concomitant advanca- ;
ments in computing and communications, we have seen the f
Eirth of the new technology c¢f networking. Like any tool, ]
which is viewed as a solution *o a problen, so too i
netwcrking and in its many forms has been brought to bear on '

a variety of probless [Ref. 1), ([Ref. 2]. Information
sharing has been one cf the areas grea<ly aided by this rnew 3
+echnclogy. + is now possible to have real-time interac- q

tive access to massive amounts of information acound the
globe at the touch of one's finger-tips. There are numsrcus
informsaticn sharing networks in private industry, +he
Department of Defense (DoD) and other government agancies.
Cne cf tlhese is the Community On Lina 1Intelligencs Systen

(COINS) which interccnnects on-line informaction storage and
retrieval systems 1lccated at several locations withir the
u.S. Intelligence Ccmmunity. COINS provides weorld-wide
access tc these information resources.

There was a point when the general belief was that all
network access of the future would be interactive witk a
demise cf batch processing. However, <+his viewv has been
ameloriated after a close inspection of +the user aeeds.
Batch prccessing is still very wuseful and dJdesirable. In
many cases, a batch facility can enhance the analytic use of
interactive services. COINS has both batch and interactive
natwork facilities, but they are separate and independent.
In 2ach domain, we can @2nvisage users attempting =C us?
each facility to do kcth 4interactive and ba+«ch work. What
is called for is some *type c¢f coupling of ianteractive and

......

................................
.....
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batch netwerk capabilities which matches users' needs. The

purpcse cf this thesis is tc introduce the concept cf cclla-

X boration between otherwise autonomous operations and +o

. study a schese reflecting this synergstic notion. de will

- examine what effects this has on performance and efficisrcy

- from a user and manager perspective. We have designed and
implexzented a computer simulation of <+he flow of user _
requests to the interactive facility in COINS +o help stuldy
the meri¢s cf the twc approaches.

f This thesis is organized as followus:

1. description of the COINS ne*work, its architecture and

A its current iaplementation techniques for interactive
information sharing;

2. iscussicn of the evaluation <criteria for ne+werk
rerfecrmance;

: 3. presentation cf an alternate proposal with discussion

‘:3 cf how this newv scheme is likely to iaprovs in+srac-

+ive informaticn sharing;

A 4. description <c¢f the interactive network sarvices simu-

laticn model;

- 5. discussion of fpreliminary results using the model;

6. discussion of the simulation model's applicapility in
evaluating an alternative capacity allocation str-ategy
as CCINS grows; and

7. ccnclusions and recommanda+ions.

12
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II. THE COINS NETWORK

PR

A. BACKGECUM

PR OIS
NS S )

The Ccanunity On line Intelligsnce Systea was establised
on the recoamendation of the President's Foraign
) Intelligence Board (EFIB) in June 1965 to improve informa-
- tion handling methods. The iaplementation plan called €cr a
- star-configured netwcrk to provide connectivity amcng the
i{ intelligence data prccessors. The concept was to perait an
; analyst sit+ing at his local terminal to access infcrmation
€either at bhis host processor or at a remote central

;ﬁ processiag unit (cpu). The participants were <+the Central !
e Intelligence Agency (CIA), the Defense Intelligence Agecrcy
i: (DIA), the National Security Agency (NSA), the National
- Fhotographic Interpretation Center (NPIC), the State

Department, and the National Indicatioas Center (NIC). The
store-and-forvard message switching node was physically
lccated at DIA. Figure 2.1 shows the original COINS
configuraticn. Implicit in this concept was the requirement
for an intelligence crganization to have a cpu connected to

the COINS-switch to access information in COINS. The State
Department and NIC did not have cpus in COINS. Hence access
for +lkese two organizations and any others that did no% have

o« 8 x. (A
L
AR A TRy

copus was ty prccuring 2a terminal from omne of the hest
processors in the netvork.

Each of the nodes offered the same batch guery and
retrieval services to the network as they did to their local
users. Users wculd subait their network queries at their

) local <erminals and some time later would receive <+heir
. responses. Depending on the data manipulation ¢ools of the
v ' host, <+he responses would range from simple data ceccrd

% 13
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Figure 2.1 original COINS configuration.
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listirgs to some statistical summaries of numeric infcrma-

tion.
- Over the years CCINS access and participation expasded

L

with a netting of several wmilitary commands under the

. management cf DIA. It was called the Intelligence Data

) HBandling System, Ccmmunications (IDHSC). Its fora was
simply the extension of the star-configuration.

e s s &k

By 1975, esignificant developments in teleprecessing
provided the necessary impatus for COINS to move to the next
chapter in networking with the iptroduction of new network
) services. COINS assimilated ipto its architectura the
: following:

1. the Advanced Research Projects Agerncy's (ARERA) .

networking technology of packet-switching; i;

) 2. the sigint On Line Information System (SOLIS), an k
interactive, full-text retrieval systenm;

3. a user-Terminal Access System (TAS); ard

4. Front-End processors which connect the database cpu's f
; +c the new networking technology.
The <concept of a TAS was necessitated by a grcwing
number <¢f intelligence organizations without cpus <tha+
wanted access to COINS. This requiremeat was further rein-
forced by tte private sector idea of relieving the database
hosts of terminal handliag functions and putting all user
interfaces cr a separate facility. The TAS provides bcth
batch query services to the ba¢ch hosts and interactive
query services tc the interac+ive host. With the adortion
of this new technology and servicss, +the network was named
COINS-II. The IDHSC component of COINS kept the star-
configuraticn.
- In 1976, COINS-II undertook an interne+t+ing experiment
with the ARFANET, installing a TAS in Hawaii. As a resul:
the Facific Command (PACOMN) now has secure in%eractive -
access tc the full-text retrieval system.

15
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By 1580, COINS-1I introduced a new kirnd of TAS. dhile
the origiral TAS is a pure user which does nct offer any

databases tc the natwork, this nev TAS has on-line user
support functions and network management information. This
type ¢f TAS will be denoted as a server-TAS.

B. CURRENT SYSTENE

WS- .4 TEIRN

Figure 2.2 is a picture of COINS-II tcday. Curr-ently
there are two I'ASs, two server~TASs, one interactive, full-
+ex* retrieval host, and five batch retrieval hosts. The a
user TASs are called TAS and AKU. The first TAS retairned
the name TAS. The server-TASs are «called NSH (Netwcrk :
Service Hcst) and TRF (Transfer Research Pacility). With 3
the COINS/EMO develcping a family of TASs, the NSH has !
evolved intc a MASTER-TAS, similar to the concept of the i
MASTER-INF in ARFA technology whereby software releases and }

ramote detugging are done. NSH alsc supports a small cadre

cf operaticmal users. TRP is <+the COINS's develcpmental

facility where resea:ch ideas can be developed and *testsd in

an operatiocral ervircnment. The user-support system resides
on TRE. No intelligence analysts are supported by TRF. The
datakase ltosts have Front-Ends (PEs) <o connect them %c the

communicaticns network. Each retrieval systea has its cwn

language and each data fiie has its own coding schenmes. As
part of the ARPANET techneclogy, thera is a Netwcrk Ccnrtzol
Computer (NCC for the commurications network mcnitoring and
managemert.

C. FUTUSE ELANS

With respect to network growth, the COINS/PMO antici-
pates “wc more interactive server-hosts and four more TASsS

bty 1985 [Ref. 3). In the area of network services, the
COINS/EMC has a joint effort with the Department of the Aray




BATCH BATCH
NCC TAS NSH T?P HO?T1 SOLIS HOSTZ
| |
cncctencapeccabeccnp cvs cnteccccce- o= ¢emcrnnna
COI NS i
subnetwork =
oW
LT L Dt el 4
{ arpanet |
bemmcenc==y
AKO switch
termznal 1 iﬂ tersinal -
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Figure 2.2 Current COINS-II configuration.
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in data fusion analysis [Ref. 4]. Por the multigple query
larnguage problsm, COINS is continuing an effort called ADAPT
which is a network lanrguage that users would eamploy. ADAPT
would nmake the agppropriate transforms to the target
larguages. The COINS organization is working wi<h the
Center fcr Computer Security at NSA on the nmulti-lavel
security prcbleas in networks and in inter-re<works. COINS
also has several AFEA-sponsored efforts in the area of
human-factors engineering for the network user. Here the
concern is with the work environment and the develcpment of
an intelligence analyst work-station of the future [Ref. 5].
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{ III. SETHORE CONFIGUBATION
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Netwcrk configuration is a combination of commurica-

-t

tions, hardvare and software. These components are
discussed in ¢his chagter.

A. THE SUBNET ENVIROMNHENT

v When the term "sub-natwork" is used below, i%¢ will mean
: the communications technology supporting host cornectivity.
The sub-network configuration of COINS-II is the packet-
switching techaology of AREANET. The six 1IMPs (Interface
Message Frocessors) are distributed over €five sites in the
o Washingtcn, D.C. area and are connected by 56 kilobit/second
phone lines. The IMPs are a mix of Honeywell- 316s and
N C-30s. With the use of a special gateway (GW) and a pair
cf private line interfaces (PLIs), COINS-II is internetted
: with the ARPANET, resulting in connectivity to Hawaii.
.§ There are 15 hosts in COINS. There are seven intelligence
-f datatase cpus (cne interactive and six batch) and seven
i terminal access systems (four TASs as described in <the
-3 previcus chagter, thres developed under IDHSC). The las+
< host is tike Netwcrk Ccntrol Computar.

B. HAEDWARE ENVIRONNENT

At the lowest level, the subnet capacity is 356 KB/s.

This is the physical maximum data ¢ransmissiocn rate of the

teleghcne ligpes. The boxes contributing to <the effesctive

throughput are the communications crypto squipment, the

I4Ps, the frcnt-end processors and the hosts. Each c¢f these

components have related softwvare to make them perform their

> petwcrk functions, and in the case of the cpus their user
~ services functions.
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During the installation testing phase of the rpackszt-
switching subnet in 1972, effective data th-oughput
measurements vere in the 28-32 KB/s range. The configura-
tion for this testing included PDP-11 cpus conp2c+ed to the
'3 IMPSs. All the PDEs had an LH/DH interface unit that
: permitted connection to their INPs according to the BBN 1822
R specificaticns fcr interconnection of a host to IMP. Each
of the cpus had a siarle data generation program. The range
=3 of the thrcughput measurements was attributed oprirarily to
- the differing cpu capacities of <the PDP 11/40s, PDP 11/45,
and PLCP 11/70. 1he next testing level had the same physical
configuraticn but different sofrware environmen:s. The FDP
11/40's were running under ELF-I, the PDP 11/45 was rurnning
under RSX-11 and the EDP 11,70 was runnirg under UNIX. For
each cf ttese systems, there was an N2twork Control Prcgranm
(NCP) +c handle the host-to-host protocol as specified by
the AFPANET. There was also an application program that
served as a data generatcr. The effective throughgput
measurements from ¢this test were in <the range of 15 +to 20
KB/s. A1l of these throughputs exciudes <the host-to-hcst
5 protocol overhead.

Since tlese measuremants were takan, two server-TASs and
cne TAS were added tc COINS. The TASs are configured to
handle 16 to 64 <terminals. These are Teietype Model-d0
terminals with CRT, keyboard and printer, and operate in
full-duplex at 2400 baud. The printer is slaved +to +h2 CEKT.
The one data-receive line is dizected to the CRT.
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C. SOFIWARE ENVIROWBENT

The software environment nmay be viewed as a trinity
consisting ¢f ths operating systea, th2 applicaticn sof+ware
and the netvwoerk software. At systaam ganeration time, +hese
three ccaponents define the number c¢f pcrt¢s with which tie

20
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; cpu will perform netwcrk business. Por example, a caertain
o amount of memory is allocated for the operating sys+em, <he
{a application software and the 2aetworking software. In
:; suppcrt cf natwerk services, a specific amocunt cf system
S; tuffers is allocated. Th2a number of system buffers in turn
s defines the number of simultaneous network ccnnections a cpu
. can handle. Currently all TASs, including the server-TASs
i; have an interactive network capacity of 24 ports. SCL1IS,
i the interactive dataltase resource in COINS, has a ne+*wcrk
s capacity ¢£f 15 pcrts.
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IV. USER SERVICES
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SCL1S, NSH and TRP offer interactive access. The
remaining six intelligence database hosts provide only tatch
access. Both batch and interactive are discussad in this

.. ¥
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A. BATCH SERVICES

Use cf tatch query systeas involves a user inputting the
query at the local host and sending it to the remote system.
He then receives a jcb number or receipt for the query.
_ Some time later, which can range from minutes to days, the
Y query resgonse is delivered to the terminal. Responses are

I

\ presented tc TAS users only if they are logged on +o a TAS

- and specifically request to see the response.

i . B. INTEBACIIVE SERVICES

\;.

5 The three funticnal interactive services available in

. COINS-II tocay are: intelligence database (SOLIS), user-

- support databases (USIS), and managerial and admipistrative

tE datakases (NUIS) as explained below.

s 1. Iptslligence Databases

T a. General

ff SOLIS is a partially formatted full-text search

- and retrieval systen. It contains <the last 13 amcnths of

. messages and reports produced by the intelligence crganiza-
tion. Searching can be done on the formatted fields ard on
the full <text in any combination with the normal toclean

- cperators.
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E. Exchange Discipline

SN

The data exchange between SOLIS and the user is
full screen. After successful logon, the user is presented
vith a form-screen vhere he can £ill in the blanks with his
search terms fo:r the full text and the formatted fields.

. The user has three different form-screens to chocse frcem.
X They are the AND-screen, the OR-screen, ard the FREE-screen.
ﬁf In the AND-screen, the search terms are ANDed toget+her;
ﬁz while in the OR-screen, the search terms ar2 ORed tcgether.
x In the FREE-screen, <*he user may compose his own boclean
3 logic of the search teras. Within the AND- and OR-screen,
use of parenthesis is permitted *o achieve combinaticns of
ANDs and CRs. After he has ccmpleted filling-in-the-blanks,
the gquery scraen is then £fcrwarded to SOLIS. The resrponse
from SOLIS is again a full =screen with the query the user
sent plus the number cf messages that satisfied the search.
There is a tlank area for the user to fill in, *elling SOLIS
what shculd be done next. At this stage, the user can:

(1) refine or modify the query and send that again;

(2) «request display of titles oaly;

(3) request display of the formattad fields of

messages;
(4) request display of full-text of the messages;
{(S) regquest a newv form-screen;
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(6) <terminate the session; or
(7) reguest forwarding of titles caly or titles and
fcrnatted fields or ccmplete massages.

o 2. User-Support Latabases
a. General

O The User Suppcrt Information System (USIS)
offers a variety of telp functions to the network user. I+
is an attempt at Comgu*er Aided Instruction (CAI) but not in
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;j the <cape manner as the OUniversity of TIllinois's TLATO
a systen. While PLATC interacts with the user posirg gues-

(- tions and chkecking the user's answers, USIS is primactily a
EQ ] one-way ccamunication to the user. In USIS, the user can
? ask for cne of several tutorials on <he various languages ]
,5 and data files in the network and learn how to employ TAS

commands and functions. #hile in USIS, the user can send
messages to and receive messages frem User-Caentral
concerning aid he can't find in USIS, problems snccuntered
X and ccaplaints. There is a limited amount of browsing and
;_ no refinement of output capabilities. L

- L. Exchange Disciplire

N USIS dinitially sends <he user a menu of the

available USIS-commands and waits for a sessponse. The
- exchangs ruia from the user to USIS is one character at a
= time. First-level ccmmands are nor-mally terminated with a

NEWLINE. Lower-leva21 commands are terminated with a special
sequence ¢f period (.) and NEWLINE on a line by i+

Having reached <this point, exchange be+«ween USIS and the

Sl

LA

- user is as fcllows:

- (1) USIS seads a screen cf data;

(2) wuser may respcend with browsa coammaznd of <ferward,
> backward or return to the previous lavel;

73 (3) request for hard-copy must be done before reaching
y this level. The user must indicate it on his first
- ccamand line.

The tutorials are basically copies 95£f the hard-
?j copy language manuals and file guides. They ccontain samgle
“ queries and cutputs, including badly constructed queries and
their resultant error messages. Tt also contains a £ile of
latest-bhappenings in +*he network of interest toc +he user.

An on-line newslstter is not availablza ye<.
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3. DMapagerial apd Adminpistrative Databasss

a. Gereral

The Netwcrk Management Information System (NMIS)
file
size of responses and

statistics c¢n number of gqueries,

contains usages,

network probleums.
There is

number of aktorts,
It prcvides some basic matrix and chart displays.

limited browsing and ro output refinement capabilities.

t. Exchange L[iscipline

The ijata user is

character at a time,
After successful logcn, NMIS presents a menu to the user and
After menu selection, NMIS promp*s the
interactively or

exchange between NMIS and the

which is terminatad by the NEWLINE key.

asks for a response.

and display (viewed

This kind of exchange contirues tvntil

user fcr search
forwarded) criteria.

NMIS has encugh information to proceed with the ac=ual wock.

25
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V. NETHODOLOGY

f
fﬁ This thesis is that reconfiguring the COINS interactive ]
capacity intc one ccnsisting of collaborative interactive

and batch fumcticns can be, under certain conditions, =sugpe- a

tior to the current form. We plan to describe the nature of
customer activity with a database as a combination of irnter-

active and batch. It would make sense fcr the network to
! accommodate this two-prhased activity in a manner that offers
ij the best performance from bcth user and managerial fperspec-

:ﬂ tives. The examinaticn will be confined to the work prcfile
cf the intelligence analyst. This has been prompted by the
abundanceé of empirical data in this arsza and the very little
informaticn available for USIS and NMIS activities. The
- frocedure cutlined there can also be applied wher investi-
N gating user support and managerial activities. We will then
present a particular reconfigured nstwork capacity schenme
whose performnce wili be ccapared with the currernt me* hod.
The available empirical data regarding TAS-cus*crmers!
usage c¢f SCLIS was gathered from COINS. The data was
analyzed and statistical tests were performed +oc de*ermine

- the underlying distributions of arrival rates and service
fi times. The wcrk-profile of a ‘'+ypical' network SOLIS
. custcmer was derived from SOLIS 1logs. TAS logs provided

data ¢n the percentage ¢f user requests which required SOLIS

- access. Aprpeadix A ccataias the results of this analysis.
We implemen<ed a computer simula*ion %0 aid in <the
comparative analysis. The distributions developed from the
3 data were used to drive the stochastic models of the varicus
: systemn ccnfigurations. Sensitivity acalysis will be
performed with respect to arrival vrates and +transaction
service timzs. These two paramet2rs wera2 chosen because of

. 26




the expectation by ¢the COINS/PMO of increased customer EpOpu-
laticn and an in-agency study doae on <he SOLIS prirnting
requirenments. This study's conclusion was that there will
ke cocntinued growth in demands Sfor hazd-copy output
(Ref. 6].
Measurements will be made of
1. average system tiae which includes service time and
vwait +ime;

2. 2xtpected customer loss; and

3. proportion of interactive work.

The first twc measures are directly related <o customer
satisfactiorn while the 1last may be of aore interest tc the
netwerk anrd database managers. Users are interested in the
amount of time to accomplish a job. This 1is the +total
systes time which includes both the service and wait *inme.
Thay alsc anticipate an available sarver whan they arrive
for service. If the facility is Dbusy when the custonmer
arrives, he is lost to the system. I the facility is busy
400 cften when the customer arrives, it will dJdiscourage
systen use and cause severe customer dissatisfac*ica.
Althcugh =®anagers are ultimately interested in custoner
satisfaction, they also focus their attention on utilization
issues. We prcpose a proportion measure with —respect to
interaczive work. When evaluating an interac+ive gquery
rescurce, 3it is impcztant 4o scrutinize and ascer*ain how
smuch of this facility is being used €for iateractive
searching. Put<ing it another wvay, ve would like tc know
how much cf this facility is being used for non-interactive
processing, that is, batch work. Hence the preportion
measure will give tie percentage of session time which is
used for the search and refinement process. The cogplemen+
cf this is the proportion of time used fcr batch work.

27
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{ VvI. USER PROFILE ANALYSIS

o A. GEMNEBAL

Cur model of network structure involves cpu tc cpu
connectivity as oppcsed to terminal +o cpu connactivity.
This thesis is an examination of a network <form which
: involves cpu to cpu ccnnectivity for interactive informatrioz
; sharing. We feel this is an important difference because we
are dealing with a terminal interface that is capable of
intelligence, capacity ard speed far superior to that of a
dumb terminal. The cld adage that a chain is as strong as
its weakest link is the same as sayiag that two devices can
communicate as fast as the slower of the two. The sanme

ALY
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AR N

hclds +rue for <the cther +wo attributes of capacity and

S e ]

irtelligerce. With respsct tc resource contert, the ccmmer-
cial database systems are bibliographic and abstract in

nature. This thesis examines usage of a full-tex+t retriaval 3
system. Wigingtcn has suggested that searching full-text c¢f .
large documents may bhave a somewhat different pattern from
the biblicgraphic environment [Ref. 7]. This siaply means
we cannot take full advantage of the work already don= for
the ccmmercial database system with <respect to detail work-
profile analysis. We will refer to these reper+s aerely to
iv2 credence <+t0 cur perception of tha dichotozy of

rELELS A,
WP IR

-

. sarvice-tinme.
. User activity must be described in terms tha+ will mnake

M

f i+ meaningful to the rroblam statemeat, i.e. non-interactive
’ use of an interactive resource. Customer service-+ime may “

be classified into one of two modes. Tke first is interac- :
tive, and is defined as a continuing dialog between man and
sachine. When a user enters a request, he must wait to see

¥
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the systen responrse tefore proceeding to the next resquest.
fi

ire2d as
¢ he ne=2d

- The other is called non-interactive and is

5]
W

és
follcus: when a user enters a request for ssrvics
s not wait *c see the system response before he can frcceed to
' the next reguest for service.
PR There is a plethcra of studies on customer activities
with ccemercial and ncn-Defense interactive network infcrma-
e tion rescurces and crly a very few relating tc full-text
.‘ raetrieval databases. We will refer to thes2 commercial and
= non-Defanse —repcrts to show that w2 are correct in cur
S percepticn of the user work profile. These investigaticas
x5 thus far have concentrated primarily on the interactive
}E nature cf bibliographic searches (Ref. 8], [Ref. 973,
{Ref. 10], [Ref. 11]. Their focus has been on search stra-
tegies, evalua+ing the impact of user traiaing and
investigating methods to address multiple logen protcccls
and retrieval language problems. However, based cn these
reports, user activity can be viewed from a Jdifferent
Ferspective. That is, while the us2r is connected to this
iateractive informaticn rescurce, his activity may be ca<e-
gorized as aither interactive or Dbatch. Iccluded as
interactive are those user functions for search, rsfinemernts
cf search statements, perusal of hits, arnd if +he database

-

management system permits, narrowiag down <+the hit-lis+
during perusal. Some studies have described this kind of
activity as cycles within <cycles [Ref. 7] ocr a series of
sifting [Ref. 12] thrcugh the bedy of retrieved data un+il
the user is fairly satisfied with his *£ind-°. As stat=ad

€ 80 \4_ I"I

PR R

- earlier, there have teen aumerocus investigatiozs into this
aspect cf hcw the user spends his productive s2arch time a*
- the netwcrk resource. For completeness purposes, in
e descriting <the user's <total connect~time, ~he <studies
S mention tsers commands for hard-copy output. Iz the cocnmer-
- cial database systeas, where <*he charge is primarily

29
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accordinrg ¢to cornect-tine, there is a rslatively small
anount of time devoted to on-line printout. Howaver, +there

A._J SIS

! is an indication that there may be a fair amount of cff-line
'3 printing done a+* the database site (for a fee), and +*hat
‘{ cutput is sailed to the custoaer. We define batch work to
X te request for hard-ccpy output to the user site. As early

) as 1973, informaticn scientists had been «calling for an

irterface betveen batch and interactive in several arees,

W11

one of which is the transmission of large amcunts of

Y

retrieved data to be passed later via batch [(Ref. 13].
All network access to the coamercial infermation

rascurces are at dial-up speeds rarging from 300 to 2400
baud. All custcmer access, with a few exceptions which we

PRl M e KV 5

. will descrite shcrtly, are through a variety of dumb dial-up
terminals. The exceptions are found in non-Defense govern-
ment agencies and at research institutions. The imgetus of
these efforts was to address the front-end problems of
accassing a variety of retrieval systeas each with their cwr
logon prctocols, query languages, and search strategies.
The werk in this area has been the development of an intel-
'i ligent wuser interface [Ref. 18], {Ref. 15], (Ref. 16].
- Their aim tas been +to aid the user in £formulating search

statements, and in scme cases, because of i+s knowledge of
the kinds <¢f information in the network, the in%elligent
interface will attempt connections at all hosts with the

datakase of interest until a «ccnnection is estatlished.
Farly wvork in this areca vwas the development of COnnectcr for
Netwcrked Irformaticn Transfer (CONIT) by Marcus at %.I.T.
(Ref. 17]. Subsequent research using sof:ware based on
CONIT has been <carried on in Msadow's 1Individualized
Instructicn for Data Access (IIDA) [Ref. 15], ([Ref. 18].
The Network Access Machine (NAYN) was developed at the U.5.
Natioral EBursau c¢f Standards (NBS) actd Chemical Subs%ances
Informaticn Netwcrk (CSIN) is ncw in place supporting the
activities cf the Environmental Protection Agency (EPA).
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Althcugh the study done by DImpari on SOLIS corncen-
trates cn user query habits, <thare is still divisicn of
customer work into intaractive and ba+ch. Only trief
menticn is made in the study to hard-copy requests.
Although SOLIS has a large number of directly ccrnected
user teczminals, this thesis is interested in looking at the
netvcrk access and utilizationrn of SOLIS. This is a database
of reports, wvwith average report size of approximately 2000
characters., Several years ago, the American Chenmical
Society (ACS) tocether with 3ibliographic Re=rieval
Services, Inc. (ERS), embarked on a series of experiments to
deternsine the wusefulness of a full-text database (ACS
Journal articles) and their availapilirty for seazchiag
online. The experiment was based on a reiatively small tes+
databass (Ref. 19)], and looked only a2t the usefulness issue.
No mention is made of cutput demands. However, we dc¢ rnct
feel this ir any way invalidates our perception cf cus*ogmer
activity with a datatase, When ACS aad BRS move *c subse-
quent phases oif the study with large tast databasas, w#ws will
psobakly thsn see <their regorts referring to print and
display ccamands.

B. HBCDEL DESCRIPTION

Tc ¢fprovide a general framework fcr describing <he
carrent aggrcach and the proposed altsrnate, some eleman-ary
concegpts frcm gqueueing theory are used. SOLIS is a facility
with 15 servers. Each server provides the same servica a*
identical :rates. Custcmers arcive at the service facilis
from the network at a certain rate. If customer arrival
follcows a Pcisson process and the service time is s2xpcren-
+ial with Gparameter au, this defines an M/M/15 queueing
systes. In this siaple exasple, all customers are ccllsctad
intc cne scurcs. CCINS has four sources, one from each cf
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Zf the TASs. Figure 6.1 and Pigure 6.2 represent the transi- X
. tion frcs cne populaticn pocl to four separata pools. 3
f: Statistical analysis and tests for the customer arrival q
3 Frocess tc the TASs, found in Appendix A, show custcmers :
; arrive at the 1TASs according ¢to a Poisson process with b
= parameter lambda (i), i =1, 2, 3, 4. Arrival rates per hcur i
{
- 4
& TTTTTTT --..-))
o )
+ ) SOLTIS
NETWCER ) T

5
; | Ectazen process 3 s
: . service
- ) lambda: arcrival . rate
CUSTCHMER ; rate .
’ POFULATICN );
: ) .
b ) 15
: Rttty
¢
. | Figure 6.1 Cne population source to SOLIS.

at each cf the TASs are 17.68, 9.19, 5.10 and 2.53. TASs
are service facilities, offering network access, through
their 24 ports. Once at a TAS, orly a cartaia percentage of
custcmers request service of SOLIS. The percentage cf users
reaquesting SOLIS access a+ each TAS is 0.70, 0.31, 0.098,
and 0.89. A customer request is granted only if there is a
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o free netwcrk server cn his local TAS and a free servsr a< 4
X SOLIS. The user at SCLIS may be engagad in only interactive | 1
{ work during a sessicn or may do both interactive and Ltatch
; work in the session. SOLIS can now be described as a
- 2-stage facility, where all customers 2nter stage 1 and work
there for a certin aamount of time. They then prcceed to
stage 2 with a certain probability p c¢r lesave the systenm ﬁ
with protability 1-pg. Figure 6.3 illustrates this concegt.
New custcmers can en*er the server only if both stages ars

R
awa’s
o

emptye. Przcem the SOLIS monitoring 1logs, 0.24 of the
custcmers do only interactive work and 0.76 do bc<+h. The
- distributicn of work-time for only interactive wcrk is expo-
:‘ nential with an average service time = 10.13 minutes.
Similarly, <+he work-time distribution <for both interactive

by and batch is also expcnential with an average service time =
? 12.92 minutes. For the purposes of the analysis, the sececnd
% work-time was serarated into the individual +imes for irnter-
g active and batch. Statistical tests on the data showed that
b these distributions are also exponential with average

service time for interactive work = 6.2 minutes and average
service time for sending retrieved data = 6.8 minutes. This
analysis may be found in Appendix a.

" C. TINE-LINE INSPECTION

With <the definitions of customer service-time froam
above, we ncv suggest a time-diagram which permi¢s a gragh-
ical view of the partitions of work-time. PFigure 6.4 is cne

- such diagram. The begin and end “imes of a customer session
- are indicated. This sessicn time is subdivided into inter-
- active and Latch par+s. Ccasidering “he amount of time thae

interactive resource is occupied servicing this custcmer,
then the proportion ¢f interactive usa is at <+he 0.6 levwsl
cr 60% of the tirme. Another very simple sizuation is shcwn
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batch :

Pigure 6.4 Time-line diagram of 1 retrieval session.

in Pigure 6.5 . The three horizontal time lines reflact <he
facility's ability tc handle up <o three customers a*t a
time. Time again is divided into its respective werk modes
of interactive and batch. This case is simplified by having

~all three users starting and ending at the same tinme. The

propcrticn c¢f interactive use is 0.40. The number of
custcmers the system was able to service in <%hese ten time
units is three and ttkeir average service tim2 is ten uni<s.
The real world dces not operate in “4his manner, These
diagrams were used tc give some insight into the pzoblem at
hand. The ccamputer simulation has incorporated t+he gultirpla
TASs, their customsr arrival distribucions, percentages of
SOLIS requests and the SOLIS votk profile distributicas.
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VII. AN ALTRRNATIVE APPROACH:GCOUPLING OF I!__TERASEI.V.-A.E
BAICH

A majcr drawback cf the current wmethod is that SOLIS is
set up as a 2-stage facility. Stage 2 is purely ba+tch irn
nature and the server is kept busy transmitting datz a+t a
comparatively slcw speed to what the server believes to be a
terminal., While the customer is in stage 2, 10 new customer
can enter the server to begin his stage 1 processing. With
a substaptial populaticn of users, most ¢f whom regquest a
fair amcunt of data to be +«ransmitted back to their TAS,
either fcr printing at their 1local terminals or for further
sanipulation at their local TAS, we can easily foresese scms
probleas. One way cf addressing this kird of situaticn is
to grovide a high-speed background data-+transmission
facility ketween <the server-cpu and user-cpu. Referring
back to our model of SOLIS, we propos2 a transformaticn from
a single ncde, 2-stage facility, *+o a 2-node tandem ne<wcrk
as shcwn in PFPigure 7.1 Bach box in that figure dascrites a
gueueing system consisting of a queue and serve-(s). Within
each ktox is given tke node number. Node 1 represents *he
interactive facility with 14 servers and rnode 2 is +he Laich
facility with 1-server. The origiaal 15 in*eractive gor=s
on SOLIS are re-allccated to 14 interactive and one batch.
When a custcmer has ccmpleted work in node 1 and has gener-
ated data to be sent back o him, his work cequest is
forwarded t¢ node 2 for processing. Thisz arrangement now
leavss ncde 1 free for interactive work.

The price for this design is that we usurp one cf “he 24
servers on TAS and cne of the 15 servars on SOLIS. Usiag
cur csimplified <time-line diagram agaia, Pigure 7.2 illus-

trates hcw three users can be accommodated cn two
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Figure 7.2 Time~line with 1 data and 2 interactive paths. ?
¢ the one high-speed link with capacity to spare. :
- The cther ezxpense would cccur ia those cases when tha <
) user wants the data printed at his terminal as soon as ’
2 possible. 1In the cutrrent sictuation, when the user gives the
? command to print the data, the system then begins tc dsliver
;' the data at his terrinal-printer at an approximate ratzs of ;
; 2000 taud. In this new proposal, the user must wait £cr the
cpu tc cpu transfer (at an approximata rate of 20 KBy/s) and :
any queue time at node 2 before seeing aany da*ta a“« bhis 1
y Erinter. This particular sida-effect must be considered
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very carefully in tke evaluatior bzcause <his may be %90
much ¢f ap inconvenience to the customer. -
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VIII. JBE METHWORK SERVICES MODEL

This chapter will discuss the model's goals, furnctional
design, internal design, preliminary rasults, validation and
applicaticns.

A. TCBSIGHE GOALS AND CONSIDERATIONS

The Network Services Model is a discrete event simula-
+ion that mcdels netwcrk resource allocation ia response %o
arriving customers' requasts. It does no%x a*tempt to Todel
the irternal operaticas of the server hosts and user cpus,
nor the rarticular flow of nmessages and packets thrcugh the
COINS-II subnet. Instead, it focuses o1 modeliag <+he
network frce the point-of-view of how the nstwork cagpaci+y
of the server and the user cpus is consumed in suapper:t of
interactive datatase query and retrieval services. I+ sizu-
lates customer arrivals at the user cpus, their request for
interactive aetwork access, the allocation of network
resources if available for t+he session, and +heir
de-allocaticn at sessicn completion. Design and implementa-
tion ware mctivated by the following seven design goals.

1. The mcdel should Dbe a faithful representation of the
netvwork entities contributing to interactive services.

2. The mcdel should serve as a realistic simula<icn of
custcmer activity and allocation cf resources tased on
+his activity.

3. It should be able to take tha same customer activity
and allocate resources based on the altarnate
prcgosal.

4., I- shculd provide metrics for performanc2 comparison
ketween the twc approaches.
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5. It shculd serve as a measuremert tool fcr doing sensi-
tivity analysis as arrival rates and vwork prcfile
distributicns change.

6. As we acquire further insight into custcmer wcrk
hatits (substantiated by more detailed logging and
macnitoring data), the model should be flexible enough
tc accemmodate these statistics.

7. The model should be extensible and easy to mcdify so
that it can serve as a long term design tool for the
COINS/PHO.

Cne c¢f +the most dimportant objectives of the ®modzl is
that it te a fai+hful portrayal of the alloccation of netwcrk
capacity by the TASs, server-TASs and HOST wher providing
interactive network services. It is essential that the
model behaves in a manner consistent with the flow cf inter-
active Jcb requests through COINS-II. Intaractive Job
requests are initiated from a TAS or server-TAS, n2var from
the HCST. For example, customers arrive at one cf the TASs
or server-IASs acccrding to some distribution. Having
arrived at a TAS, the customer then requests services tc cre
cf *he interactive resource in the network. Customers at
any TAS may request services at any of the server-TASs or
HOST. Cn the other hand, customers at any server-TAS uway
request services at th2 HOST or any of “he server-TaSs
excapt its own. If there is an available por* a* <the
user-cpu and the databass-cpu, the demand is honored aand the
apprcpriate rasources are allocated for <the dura<ion cf the
csessicn. Thlese events shculd occur in the model in the same
fashion that they do in real life.

Statistics ccncerning customer arrival and their n2twerk
requests ware gathered from <*he acccunting legs ¢£f the
user-cpus. The model, <therefore uses these distributions
for the generation of network 2avents. Charac*teris+tics of
the sessicn are anotlier important aspect of this study. Tha2
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empirical data ccllected frecm COINS-II offers statisticall
sufficient inforamaticn only for the SOLIS database _host.
Hence our particular apalysis will be confined “o evaluating
network utilization c¢f one database ressource. It mpust be
pointed cut that this is not a limitation of the simulation
model. It will suppcrt up to n~-database resources, with the
size c¢f n dependent cnly on the size and capabilities of the
computer the simulaticn mcdel is run on. The descripticn of
this simulation will ke of its full capabilites.

With the main issue being the comparison of two methods,
there are two aprroaches to model impla2mentation. One would
be tc implement <*wo simulations, each reflecting a gparti-
cular strategy; cr iaplement one simulation using
appropriate flag setting to regulate the simulaticn ccrtrol
flow for one strategy or other. Since only onre aspect of
intsractive processing is changed, the later method is used.
It vas felt this is ketter than having to contend with main-
taining two separate rrogranms.

Since the model's main purpose is tc furnish perfcrmance
measurements of the two approaches, it must be able “o take

the same set of distributions and work profiles ard execute

for tha current system and <then execute for <the alternat2
strategy. These distributions and work profiles cf the
databasa-cpus are inpu*t paraaeters to <the simulaticn,
thereby giving the model some 1level of flexitility.
Ferformance measurements are done in the two general areas
¢ nusber of customers refused and average system time. The
model can be run with the provision of queues for custcmers
avaiting network access. When the model is rzur with queues,
further measurements are taken for the average wait time and
the average wait time, given the queue is not empty. With
reaspect to the alternative proposal, average systep time is
measurad cn tvo levels. One measure incorporates the time
it takes tc get all <the output printed at the customer
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terminal, (service-timel) while the other m2asure inccrgo-
rates the time it takes to get all the output only +<c the
user-cpu (service-time2). We feel it is important to make
this kind of distinction because of the variety of intended

~Yses cf the retrieved data once it arrives at the user-cpu.

The siaplest activity is the mere printing of the data at
the user-site. However, as reviewed in the literature and
ic 1ight cf the cn-gcing work by the COINS/PMO, there is a
definite shift from straight printing to some data massaging
and scme early efforts in 3ata fusion. There are no machine
logs availakle to indicate to what degree this is occurring,
so these tvwc statistics are computed *“5 provide the range of
possitle expacted system times, System~-time2 is important
also because it rrovides an indicaticn of how much sconer a
netwcrk path becomes free fcr re-use.

To te a practical design %o00l, the model should be akle
to be used by the COINS/PMO and its personnel to iavestigate
the iampact on customer services as the network grcws wicth
respect tc more user-cpus and more interactive datakase-
cpus. The analysis in this thesis is based on the curreat
configquraticn and wcrkload in COINS~-II. However, in the
next 12-mcnth period, COINS expects to iat-oduce twe acre
TASs into +the nstwork and two more in the next twec years.
The wmodel should be able to accommodate such chaages in
network configuration and vorklcad. Por this reascr, infor-
saticn ccncerning each database-cpu and user-cpu are
specified as run-time parameters to <the modsl. The number
cf HCSTs, TASs and sezver-TASs and their —respective
profiles, including their network capacity and custonmer
arrival rates are part of the data read in at« run-time.
This flexibility to adapt to network changes was a major
influence fcr modular implementation.
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SIMSCEIET II.S5 was used because it is equipped with the
pecharics fcr handling discrete-event simulations and has
much c¢f the varsatility of a general programaming language.
It has the +traditionpal concepts of permanent and %temgcrary
entities, cwnership and membership in sets and Jueues. To
add a new TAS t0 the model, a minimum of three charnges aust
be made to the simulation. A new ARRIVAL-evert must be
added tc the structure, a coammand to initiate the start of
arrivals for this new TAS, and finally, at the close cf +<he
simulaticn, ther2 must be a coamand to termirate *he arri-
vals for this new TAS. If the interarrival distributica cf
the custcmers <*o this new TAS is the same as one of the
existing TASs, but with different arrival rate, +han the
same call can be madse, using the differeat parametsr. ) B4
however, the distribution is different, it is oaly a matter
cf writing a routine describing +he distribution and calling
this new routine for the next arrival. For the database-
cpus, the cnly new wcrk that would be required is wher its
work-profile distritution is differant from any of +the
cthers already in the model. If it is different, a similar
procedure must be followed as was described abcve fcr a new
TAS.

B. HARLWARE AND SOPTWARE ENVIRCNHNENT

The 1Interactive Services Modal zuns on +the IEM 3033
Attached Frccessor System under 0S/VS2 at the W.R. Church
Computer Center, Naval Postgraduate School. The software is
a SIMSCRIET II.5 ©gprograa which has approxima%tsly 1,350
executable source language statements. Work areas are
dynamically created during execution, depending on “he infput
parameters., A+«<ention must be givan to *“he Job Ccntrol
Language (JCI) setup wit respect to execution +*ime and
storage requirements for the job. Runs for =his +hesis were
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defined as a CLASS G job, permitting 15 nminutes cpru tirme.
{ The source ¢ode is the property of the U.S. goverzrent.
Anyone interested in possible use of the prograe should
contact the author. Operating instructions for the prcg:canm
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can be fcund in Appendix B to this thesis. X
C. PUNCTIONAL DESIGH ?
' The wmcdel srecifies when certain events are <o occur, ]

based on the distritutions given for eack event. Ir the
alternate method, tke queueing discipline of the Ligh-speed
facility cortributes in deciding when departure svents are
- to take place. The SIMSCRIPT II.5 timing routine aczually
N handles the clock advances and the firing off of even+
processing according to schedule.

TN

I.A‘

1. Cusicasr Arrival

* l‘l"' l' I,‘ l..‘

sl wtala

After initializing its internal *ables based on
input parameters, a customer arrival is scheduled for each
cf the user-cpus, and the sisulation begias. There are a

»
2

i)
R Py Y

& total of 13 events that can take place in a simulaticn run.
¢ Five events handle the arrival of customers to each of *“he
ot user-cpus, and orne terminates the simulation. The star+

sta*te of the model is defined as no customers and no inter-
- active network capacity is being used. Parameter input
specifies the availatle resources for interactive services

el for each of the «cfpus. The remaining seven events are
éf concerned with the sequence of events that begins with the
.§ custcser requesting an interactive aetwork service <%c the
- issuance of a command to initiate <“he retrieved data
‘: transfer and the steps involved in execuzing *hat command to (
ﬁ the user-cpu, then to the database-cpu and the subsequent
< transaissicn of <the data back through tihe network <o *he
{ usar tersinal. The section on avent haandiing precvides a
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more datailed description of these internally gencrazad
events. Each of the user-cpus have their own arrival ra%es

(1 vhose inter-arrival times follows some distribution. The i
f% - kind cf distribution and its parameters can be specified as 3
fg input parameters. Analysis of the inter-arrival times from ‘
e the empirical data <shows that its distribution is expcnen-

tial. The SIMSCRIPT II.5 statistical distribution packages
- offers a fairly wide range of distribution functions to
" choose frcm. They include erlang, gamma and beta tc mentionm
= a few. For a comprehensive 1list the reader shculd see
(Ref. 20].

. 2. PBesource Selsction

Selection of which interactive database cpu is also ]
derived froam the empirical data. Throughout the simulatica, !

‘;.’ . 4

;S the mcdel saintains the currerntly available network cagpacity ;
e for each compponent. If there is sufficient network cagpacity |
. at the user-cpu and the requested database-cpu, the appro- }
o priate <resources will be busy for the durationm of the {
‘ﬁ sassicn. If there is insufficient or no facility fre=2, the J
?§ request will either be refused or placed in a gueue, )
e depending ¢n the run-time rparametars. Each time resources :
» becone £free, the -earliest job request in a gqueue matching

_' <he availakle capacity is selected for processing.

" 3. Service Profile

. 1cg data from each of the database cpus were used *o

define the session profiles of interactive service <inmes,
2. data transfer times and the percentage of custcmers
requesting data transfers. These parameters can be modified
at run time without changing the program code. Two pcssible
things can cccur at this point. If the customer has only
interactive work to perform, the resources are tied up for
Just this period of tinme. However, should there lke demand
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for print-data, then the network rescurces are kept Ltusy fcr

+*he duraticn of tke interactive portion plus the data
cransfer pcrtion. The time defined for the da+a tcanmsfer
portion is based on the distribution of output character
size, transformed tc number of bits divided by speed cf the
terminal. For exanmple, 1if <+he number of characters |is
50,000 and each character is transmitted as an 11-kit code
with the terminal speed as 2400 baud, ¢then the time for the
transfer tc take place is

(50,0C0 x 11) / 2400 = 229 seconds = 3.8 minutes

Fcr the alternate proposal, when print-data is
demanded, the interactive resource is freed fcr furtler
interac+ive work, and *he data is sent cn the high-speed
facility if it is free. If the high-speed facility is rnot
free, the <*ransfer request is placed in a queue un%til such
time as the resource becomes available. For the purpcses of
this wacdel, the network potential is estimated te be 20
kB/s. In tte example given above, the transfer would %zke
(50,0C0 x 11) s 20,000 = 27.5 seconds = .45 minutes

This specific implementation permits three different
distributicns which are uniform, normal and exponential.
This was done <o indicate to potential users of the mecdel,
that the mcdel is rnct restricted to only <*“he expcnential
distribution, and that adding a new distribution is a simrle
exercise because the program only calls the tatis+ical
distribution functicns of SIMSCRIPT.

Although this thesis is primarily conceraed with how
to get moze interactive work done on the interactive
resource, it must still consider how 1long it will take for
the custcmer to eventually get his product. 1In the scenario
just descrited, the da+*a will be at the user-cpu in 27.8
saconds; hcwever, it is nct a4 the user terminal. And
furthermcre, that 27.5 seconds is straigh*t “ransi¢ time and
does nct include any queue time if the transfar request had
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tc wait ir a queue. Should the customer want the dara a<
his terminal, it would take another 3.8 minutes for it to He
transferred froa the user-cpu to the terminal. It is imper-
tan+t that the model take these issues into consideraticn by
keeping statistics on these different system times sc that a
fairer ccuparison can be made.

4. Bigh-Speed Queueing Disciplins

In the real system, when the network rescurces are
busy, custcmer requests for SOLIS access do ro%t wait in the
queus; <*hey are lost to the systen. For <the alternate
methcd, gqueues can develop at the high-speed server. Its
quaueing discipline is described next.

Arrivals to this one-server facility can come from
four different population sources or TASs. When <the task
arrives and +the server is free, +h2 da+*a is transmi+ted
inmediately to the arrropriate TAS. However, if the server
is busy when the task arrives, the task is placed in a gqueue
¢f werk des*ined for the TAS froa which the work originated.

Cnce *lke server has started transmitting data to a TAS, it
will continue to so until the queue for that TAS has been

emptied. For example, let there be three TASs, denoted by
TAS1, TAS2 and TAS3. Purthermore, let there be twc data
files for each of the TASs that the high-spesd facili“y must
transfer. The server will begin work on the TAS-queus whose2

task arrived the earliest. 1In this example, let the task ir
TAS1-queue have the earliest arrival tinme. Then the server
will Lkegin data <transmissicn to TAS1 first. When that is
completed, it will proceed to +he second task in %he gueue
for TAaS1. If a new task arrives for transmission to TAS?1
ktefore tle server has completed servicing the first tvo

transsissions, the server will proceed to work on task three

after it has completed the first two transmissions. Say now
that the server has ccampleted task three and no new vork has

.......................................
...............................................

...............



arrived fcr transmission to TAS1, then the server will nick
the next earliest task waiting in the TAS2-queue and the
TAS3-queue.

D. INTERNAL DESIGH

) 1. Gverall sStructure

Using SIMSCRIFT II.5 has given the INS model a very
2N siaple ccntrel structure. The permanent and te2mporary <ncti-
ties and <their relationships to sach other are defined in
the PREAMELE section cf the model. All the events, their
attritutes and priority handling are also declared in this
secticn. The global variables and any coun*ing and aver-

Yt f_!':".’;:'..;JL ‘

e

X aging are specified here. Program MAIN is concerped only

with wpanaging the general flow of <control including the
' setting up of tlke initial system state and providing the
¥ starting events that will set the simulaticn in moticn. The

i

Y Y S R

- simulaticn is not begun until an explicit tatement START
o SIMUIATICN is issued by MAIN. At that ©point, contrel is
13 transferred to the SIMSCRIET 1II.5 timing mechanisam. The
timing mechanism manages the flow of ccntrol fr-om event to
event as they are scheduled to occur. When an event
processing has completed, th2 timer searchss +thrcugh the
= events-list, locking for the earliest next-event to sche-
37 dule. The timer then updates *the system clock and +¢ransfers
. contrcl tc the event routine. When no further events are
- found on the events-list, <the timer returms contrel back to
MAIN.
Tc iliustrate this point, the follovwing example and K
accompanying seven Pigures are provided. Let there be two
TASs, denoted as TAS1 and TAS2. Suppese TAS1 has +wo
x network pcrts and TAS2 has three network ports, and iet
N SOLIS have two netwcrk ports. Figure 8.1 is a picture at
’ the star* of <the sisulation, the clcck is at time = 0
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minutes. All the resources are free and are indicat=d by
empty bozxes. Ia Figure 8.2, the clock has advanced to time
= 2 minutes and shows a customer has arrived and request=2d
network access to SClIS. The PFigure shows a path estab-
lished lretween TAS1 and SOLIS and the allocation of the
network pcrts. The pcrt boxes are Xed. Customer? is ia an
interactive session with SOLIS. Prom customer work fprofile,
it is determined that customer? will have an irnteractive
sessicn c¢f 6 minutes, followed by requaest for hard-ccpy that
vill last 7 minutes. According to the interarrival distri-
buticn cf customsrs, customer2 arrivas at TAS2 at *ime =5
minutes, with a work profile of 6 minutes of intsractive
work and no hard-copy request. Figure 8.3 shows the state
¢f the mcdel at time = 5 minutes. There are now *wo raths
to SO1IS, one from TAS1 that started at time = 2 minutes and
the seccnd cne that started in this <ime. The next event %o
cccur is at +time =8 miputes when <customer1 a+ TAS1
completes his interactive work and now goes iatc batch
processing. This is indicated in Pigure 8.4 and the path
doing batch processing is indicated as B. Another customer
rrives at TIAS1 is the next event that occurs a+ <ime = 10
miautes. Figure 8.5 shows an attsmpt to establish a path
tetween TAS1 and SOLIS, but is not successful Dbecause of
insufficient rescurce at SOLIS. Customer3 is l1ost to the
sys*ten. The next event occurs at tiame = 11 minutes when
custcner?2 has ccmpleted his interactive work with SCLIS.
Pigure 8.6 shows the path between TAS2 and SOLIS is now
frea. The next avent occurs at time = 14 minutes when
custcmer?! has cocmpleted his batch processing. Figure 8.7
now shows the path between TAS1 and SOLIS is now free,

52

PP ISPy D VO S S gy

sAGEn B




+

.
- G

2N time = 0

bt Event 1 at time = 0

2 Lo
y R
< Pigure 8.1 Initial State.
-
. time = 2

TAS1 SOLIS
i +--¢ custcmer 1 o
- .8 e e et P o 4
-, b—=e o=
N 1. 1L
- '

TAS2
. *"T'
h.- ' .
> T--T- Event 2 a¢ time = 2
» o=t Interactive s2ssiofn: =—===-
o { | Port occupiead : XX
" E T .
il
.:: -

»
>

Pigure 8.2 State 2.
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time 5
N TAS1 SOLIS
+-=-+custcmer 1 ‘o=t
| XX ===-- ———meeemeese—m e —ce—e—- {XX|
==t -Gy 9
{ | /7771 XX|
==t R
/
Tas2 /
20
/77777 / R .
T--T Event 3 at time = S5 minu<es
R Interactive session: ==---
1-_1_ 2 /1777
Port occupied : XX
Pigure 8.3 State 3.
time = & minutes
TAS1 SOLIS
+-=+custcmer 1 tm—t-
lXXlEEEEEBBBBEBBBEEBBBBBEBBBEBBBBBIXX!
s P /777 1XX)
o ==t -
o TAS2 / /
7 VXX150559097757
+--T / Event 4 at time = 8 minutes
S Interactive session;: ===--
1_-1_ S /1777
Batch work : BBB3BB
Port occupied ¢ XX

Pigure 8.4 State 4.
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%3 ) time = 10 ainutes

oy TAS1 SOLIS

ey +=--+Ccustc 1 e

5 B 1XXlEEEBEBBBBEBBBEEEBBBBEBBBBBBBBBlXIl

v lll|custcner 3, blecked p ////QXXI

S - b=

-3 /

= Vxxisoiioniisis 1

'3‘ _ T--T Event S at time = 10 minutes

e $omba Interactive session: «=---

i 1--1- 4

) Eatch work, : BBBBB

] Ecrt occupied s XX

Pigqure 8.5 State 5.

2

23 time = 11 minutes
TAS1 SOLIS

- +-=-+cust 1 o

0y lXXlE EE B BBBBBEEBBBBBEBBEEBBBBBLXXL

~i 1 t|

= +-=4 e
TAS2

. bm——t-

= %--% Event 6 at time = 11 minutes

' $o—t- Interactive session: =====
P Eatch work : BBBBB
L Ecrt occupied LI & ¢

G

;i Pigure 8.6 State 6.
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time = 14 minutes
TAS1 SOLIS |
gy ruGugrind
[ | 1
o=t b=t
(1 | 1
t—-t Rt
TAS2
o ae,
%--% Event 7 at time = 14 miautes
bt Interactive sesszon. —————
{ | Eatch work : BBBBB
b=t Ecrt occupied : XX

Pigure 8.7 State 7.

Fer each set of network configuration, four runs are
made. The ¢two major categories are the currert and the
alternate prcposal. And within s2ach of these <cases, the
mcdel is run <+<wo +imes, one for the situation where
custcmers gc away when the netwerk rasources are not avai-
lable; and the other, where they are placed in a queue. All
queues are considered to be first-in-first-out (FIFC).
Sequencing through these four iterations is managed ty MAIN.

2. JEvent Handlipe

There are 13 events that can occur in the mcdel.
They will be described in chrcnological order. The reader
is referred to Appendix P of +his thesis fecr the 1logic
diagrams cf these internally generated events.
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a. Even:ts 1-%: TASX.ARRIVAL, where x = 1, 2, ¢ee,
{ 5
There are five events that haadle the customer
arrivals at each of the user-cpus. The work perfcrmed in
. these events are:
1) schedule the next arrival according to the distribu-
-~ ticn for this user-cpu.
'if 2) Jdetermine which interactive network host to requsst
services.
3) deterrine the wcrk profile at this interactive host.
: 4) if the current network capacity peraits, seize +he
ig afprcpriate resources.
- 5) 4if there is tc be no print-data coamand, schedule a
K departure at tte end cf the intaractive portior.
6) if there is tc be prirt-data command, schadule tha

»
R

3; gvent to handle *he print-data coamand.

& 7) If the current retwork capacity is not able to satisfy
7 the request, file the request into the queue for new
Ej Wwork cr ignore tha request, depending on the ingut
:? rarameter.

x 8) update the appropriate statistics gathering variables.
Ej b. Event 6: THDEPART

&z The rext event is the departure from the syszenm
~ at the erd c¢f the interactive por:tion. The work perferrmed
;} here are:

e 1) release «he interactive network resources.
2) TIf there are any other departures of this same nature
in the events-list that is to occur at this same time

instant, process this event by r-elzasing the interaec-
tive network resources used by this avent.

3) Having updated the network availability, search
through tha gqueuas of new work for any Jjob reguest
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tkat ccan be satisfied and schedule tha appropriats
events. If tbhere are a0 job requests waitirg irn the
queue, return tc the main timing routine.

4) Update the appropriate statistics gathering variables.

c. Evant 7: USEND

Event tc handle sending print-command to <the
user-cpu. Schedules the event at the user-cpu to handle the
print-ccsmard in the amount of time to send the ccmmand f-onm
the custcmer terminal to he user-cpu. '

d. Event 8: UC.ARRIVAL

The event to process the print-command at +the
user-cpu cerforms the following:
1) If the user-cpu is busy handling another command, file
tte request in the queue for the user-cpu.
2) If the user-cpu is free, set the user-cpu flag to busy
and schedule ttke event to releass user-cpu rescurce in
the arcuat of time to prccess the request.

€. Event 9: UC.DEPART

The event to free <the user-cpu after prccessing
the print-ccmmand does the follcwing work:

1) Set tte user-cpu £lag free.

2) Schedula event to handle priat-command a+% the
server-cpu.

3) If there is more work in the user-cpu queue, *take the
nex+t task, set the flag to busy and schedule the evant
tC release user-cpu resource in the amount of time %o
prccess the request.

4) If the queue is empty, return to the main timing
routine,
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'{j f. Even*t 10: SC.ARRIVAL

( Event at the server-cpu <o handle the prirt-
o ccamand dces the follcwing work:
1) If server-cpu is busy handling another print-commard,
file +he request in the queue for the server-cpu.
2) If the server-cpu is free, se:t the server-cpu flag to

- busy and schedule the event <o rzlease the server-cpu
rescurc2 in the amount of time to prepare the data for
trapsmission.

g. Event 11: SC.DEPART

Event to free the server-cpu after praparing the
data fcr trarsmissicn performs the following work:

2 . 1) set the server-cpu flag free.
gﬁ 2) Sctedule the evert to send the data to the user.
ZE‘ Current method: Schedule release of invwsractive rascurce

in the amount c¢f time to transmit the data.

2y Alternate methcd: Schedule ralease of the interactive
tﬁ resourca novw and send the rejussted data on the high-
= speed facility if it is available, otherwise place it

in the queue of work for the high-speed facility.
o 3) 1If there are pending print-command tasks in the queue,
wcrk cn the earliest task, set the flag busy and sche-
dule the event <to release the server-cpu rescurce ia

.
‘-
ot

Y

[
P

the ascunt of time to prepare the Jata for *ransmis-
sion.

4) PFcr the alternate proposal, release <+he interactive
resource and lcck for other aevents that are ccaplerted
at this same time.
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Event 12: LTHDEPART

he

The event handles the departure from the systenm
of +thcse who requested data transfers. The appropriate
statistics gathering variables are updated. Based on what
departure has occurred, the appropriate network resources
are released. However, for the alternat2 configura+ica,
wvhere we are using a high-speed <facility to pass all prirnt-
data output, this particular resource is nct released until
its gqueue is emptied.

i. Event 13: CLOSING
This event cancels *the scheduled TAS arrivals.
3. Data structurss

SIMSCRIPT 1I1.5 provides a €framework for hanédling
concepts in simulaticn such as permarant and teaporary enti-
ties, queuves and events.

a. Permanent En<ities

Thers are four kinds of permanant entities. The

first twc are HOST and TAS. The server-TAS is included as
toth a HOST and a 1AS because2 it really serves <+these two
functions. The iaocrtant attributes for the HOST and TAS
are ttreir zaximum nusber of ne+work ports and a flag-£fisld

+0 denote when it is a server-TAS. Since thz model handles

in detail, +*he sequence of events beginning with th2 user

issuing tte print-comsand, additioral attributes of a tusy-

flag and a gueue have been defined.

To handle TAS t¢ HOST connectivity, a permanent
entity callzd TASHOST is defined. The important attributes
cf this entity are the maximum network paths between a given
TAS and a givea HOST and identificaticn of this given TAS
SuppPose there are +wo TASs,

and giver HOST. For example,

.......................

M L R P T PR e . T .
o e e ., R o N T o o A T S SRR R I
Y. e

.. .
Nt e " a® LT At e e e W e
- R AP A S S N~ w . .~



SR , —— S,

3 EEN A A
s 4 PNV SN N S R

3

FoNeN

;. G * -y - . . s 20 irGi et S St
LA M NS Sl d Sl O A AP R R T e AL A o e

called TAS1 and. TAS2 and one HOST. TAS1 has a capacity for
tan interactive ports, TAS2 has a capaci*ty for 25 interac-
tive ports, and HCST has a capacity <£for 15 interactive
forts. This 1results in two parmanent 2ntities called
TASHOST. Thke first cne is for connectivity between TAS1 and
HOST with a maximum possikle capacity of <en interactive
pathes. The seccnd TASHOST is for the connpectivity Lketveen
TAS2 and HOST wi+th a maximum possible capacity for 15 irter-
active paths.

The fourth type of permanent entity is sase in
concept as TASHOST and is called LPATH, <zeflecting the
high-speed data transfer facility betweea a TAS and a HOST.
IPATH has a queue and the attributes to identify which TAS
and which HCST.

t. Tempcrary Entities

Temporary entities are created and destroyed
during the course of the simulation and are called tasks.
They ars created only when a request for service cannct be
honored tecause the service facility is busy. They are
placed ir a gueue and remcved only when a server becomes
free. All queue disciplines are ficst-in-first-out (FIFQ).
There is a potential for four diffarsnt kinds of tempcrary
entities that can be created dJuring a simulated run. They
are:

TASK: Created when there is insufficient network caracity
+c suprort an interactive s2ssion. It is placed
in the appropriate TASHOST gqueus.

UTASK: Created when <he TAS is busy handliag ancth=2r user
request +c send <he print data commani tc the
H0ST. I+ is placed in the queue for the TAS.

STASK: Created when the HOST is busy handling ancther
user raquest to prepare data for <cransamissica *to
“te n1ser. It is placed in *the queu2 for the HOST.
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LTASK: Created only in the model of the alternate

proposal. It is created when the high-speed
facility LFATH is busy servicing another transmis-
sicn request. It is placed in the appropriate

LEATH queue.,
c. Parapeters

To make the simulation as flexible as fpcssible,

the program has the mechanisms for describing <the desired

netvork configuraticn and characteristics at run-time.
HOST characteristics iaclude:

1)
2)
3)

4)

5)

nusker of interactive ports;

prcpertion of customers doing only interactive work;
for customers dcing orly interactive work, the distri-
bution and its parameters which describe this sexvice
time; The simulation expects service time in minutas.
for requests of hard-copy output, the distribution and
its rarameters describing <the amount of charac=ers
that is to be transmitted; The simuiation expects the
number of characters and will make the transfcraation
intc the amount of time to transmit the data.

for sessions where a user will do both interactive and
batch work, the distribution of <the iateractive
pcrticn of the session and its parameters describiag
this service time. The simulation expects interactive
service time in minutes,

TAS characteristics include:

1)

2)
3)

arrival rate of customers to <the TAS; The sipulation
expects this tc be in the aumber c¢f customers rcer
hour. Purtheracre, the siamulation assumes this %o be
a Fcisson process.

nusber of interactive ports;

of the customers arriving, the propor+ion which will
request soge network access;
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N
i; 4) fcr those TAS customers requasting network access, :zhe
Ff proportion of users using each of the network database
(_ facilities;
\ B. PHEELININARY RESULZS
e There is particular interest in the ccaparison of
A perfcrmance as the arrival rates and the amount of data to
;ﬁ be transferred at the end of an interactive session is
é; increased. The methcdology adopted was to run the model
’ with the empirical data from COINS-II and esvtablish that as
X the kaseline. This laseline consisted of four TASs and cne
‘23 interactive host. All four TASs have 24 available ports for
@ network access. Table I shows the parameters of the Lase-
o TABLE I

) TAS operating characteristics

23 arrival % to
. TAS # # ports rate SOLIS

] TAS 1 24 17.68 0.70

TAS 2 24 9.19 0. 31
TAS 3 24 5.10 J.098

2 TAS 4 24 2.63 0.82

: (custcaers/hour)
i line confiquration of the four TASs. Custcmer arrival rates
%J 3 to these TASs ranged from 2.63 to 17.68 customers per hour.
fﬂ' The propcrtion of customers selecting *o0 go to SOLIS ranged
Aﬂ ketween 0.70 <o 0.82. After establishing <this baseline,

several runs were made increasing only the arrival rates of
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TAS2 to TAS4 until +they all reached 17.68 customers ter
hour. The next series of runs started with <the fcur TASs
and progressed up tc eight TASs. All arrival rates vere
17.68 custcmers per hcur.
. The cther variable of interest is the amount of data %o
3 te transeitted on this interactive connection. The appcrach
to this was similar tc what was done with the arrival rates.
: Starting with the original empirical data, subsequent runs
B involved incrsases in the data <ransfer amoun+*. The initial
run was for 89,018 characters. This was increased by 10% E
increzents tc 209,900 characters. i
The next series ¢f runs involved the additicn c¢f rew
N TASs to the network first starting with the original da%a
transfer demands and proceeding up to 209,900 characters. ]
In this third series of runs, =2ach of the TASs had an !
arrival rate of 17.68 customers per hour.
Table II shows the resulis of the baseline configuration R
and wcrklcad as the arrival rates wer2 varied. They 4dc not N
show any froblem with the expected customer lcss. The *imes
given are in minutes. In the alternate method, two kinds of
systems time were measured. Syster timetl includes the tran-
smissicn of data +o0 the user teraminal, while system tipme2
considers the service completed as soon as the data is
received at the TAS. As expected, system timel1 is always
larger than the system time for the current method. The
x differences range frca 44 to 52 seconds. On the other hand,
comparing sjystem timeZ with the system time of the current
methcd, system time2 is samaller by about 4.5 ainutes. (range
of 4 minutes 30 se¢conds to 4 aminutes and 42 seconds).
Graphing <these results in Pigurs 8.8 presents a better
picture of where systes timel! and system time2 lie in ra2la-
tion to the system time of the curren* method. With respect
to user seérvices, Pigure 8.8 indicates that, if the customer
wants the data printed a+ his teraminal site immediateiy, he

53 SROAVCPCE _J P

__d ares

RS

i,

)

L A LI,

e A4, 6 ad

e s

' Taavl

64

iy

;".' ‘./.'.. R --', R R e Tt et T P o T T el - - . X -
LRI el el > e ot ey o e 2 R At e T e T T T e - cT .l D .- e e



TABLE II
Increasing arrival rates
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in miputes

times are

longer in method 2 than he

will have <o wait abcut a minuts

if the customer is not

On the otbher hand,

printing the data

does currently.
interested in

Oor waats to

immediately,

-
-

he

minutes sooner ir

kave it merged with cther query results at a later time,

with his work about 4.5

method 2 than he does currently.

can be ccrpleted

baseline configura-

to be

the results of the

Table IXII shows

tion and

amounts +ransferred was

wczkload as the data

System timel exceeds the system time of method 1

increased.
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TABLE III - g
Increasing data transfer sizes

current alternate

systenm exptd systen system exptd

# chars. ime loss tlime time?2 loss
£S018. 12.43 0.0 13.17 8.01 0.0
€7920. 12.95 0.0 13.78 8.10 0.9
107712, 13.51 0.0 14.45 8.20 0.0
118483, 14.14 0.0 15.18 8.31 0.0
130331, 14.83 0.0 16.01 8.45 0.0
1433¢€4. 15.58 0.0 16.91 8.60 0.0
157701. 16. 41 0.0 17.92 8.77 0.0
173471, 17.33 0.0 19.06 9.00 0.0
190818. 18. 34 0.0 20.31 9.24 0.0
20%900. 19.45 0.0 21.70 9.52 0.0

times are in minutes

cases. Graghing these results in figure 8.9 shows the r=la-
tionships ktetween these system times.

Based on the assumgtions of the model, resulits thus far
seem to sugcest there is no apparent danger of customer loss
either at the present workload or as the arrival rates and
data transfer sizas are increased for the <£four TASs. The
disadvantage of method 2 is the extra amount cf time
(betvweenr 1 to 2 minutes) the intelligence analyst mus=
remain at the terminal to have his output printed immedi-
ately a+ his printer. If the custoa2r does not require *he
printcut iamediately, +here is an advantage because he
completes his work scpewhere between 4 tc 10 minutes socner.
This also nmeans there is an extra to 10 minutes during
which ancther interactive search and rsfinement sassior can
be started. Censidering data fusion effor«s sponsored by
the CCINS/EMC, <this 4 to 10 aminutes is an advantage “c the
TAS because it can receive the data in this shor+er amount:
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e of time and can proceed with <the work of data fusior that
- gach sccrer.
5: A valuable asset of any model is its ability toc help us
g answer the "fhat if..." questions illumina*ing potsantial
; problems and benefits. They can aid us ian determining scame
;; course of action in long-range systems planning. Wa have
j§ just 1looked at the cases where arrival rates and data
» transfer asmounts were varied within the present COINS-II
% anvironment. Purther examina+tion of “he changas cf *“hese
o
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parameters are required as the network environment chanznges,

(. in particular as more oparational TASs are in*roduced tc the
network. The next chapter contains the comapartive analysis
cf these two methods as one to four TASs ace added <+o
COINS-IT.

F. BODEI VALIDATION

The model is validated on the observed reference points.

; the measurements froas actual performance for average systam
time, custozer loss and proportion of interactive use. The
s empirical data indicated no customer 1loss due tc necn- ¥
availability of retwcrk ports. The average system time for J
all SOLIS users was 12.19 wminutes and the proporticn of
interactive use vwas 0.602. Using customer arrival rates aad
work profiles from the empirical data, the model predicted
an exrected system time of 12.43 minutas, nc customer lcss

9
Its results from <+the basel ine configuration is comgared to a
g
A

and C.60 proportion of interactiv usa. Table IV shows this

. TABLE 1V
Hodel validation results

model
observed cesults
syst2s time (minutes) 12.19 12.43
cus*cmer loss 0.0 9.0

prcgcrticn of
interactive use 0.60 0.60
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compariscn. The 4important underlying assumptions cf *his
sodel are the distributions describirng customer inter-
arrival times and custoamer sarvice times. As 1long as zhe
arrival ©prccess continues to be Poisson, with parame<er
lambda, and the service time remains exponential witk param-
. eter gu, then the results from the model may be considered
valid.

G. MODEL APPLICATIONS

Cur investigations are based on the demands of f£cur TASs
on SOLIs. Network demands on USIS and NUIS were not
included recause of the lack of empirical data describing
those activities. Hewever, *ha INS model has bsen design=4d
and isplemented to handle these kinds of network services.
As socn as COINS can collect such customer profile infcrma-
tion, it can simply be given to the model as ingput
parametars. No program modification is required.

Althcugh the discussion of model 2ntities were in ternms
of HCSTs and TASs and server-TASs, the rszadar should be
reminded c¢£f <+their definitions in order <o fiad a meze
general application c¢cf the INS nmodal. H0STs are pure
sarvers, and TASs arte pure users. Ser-ver-TASs, on the cther
hand, are a hybrid user and server which both cffer services
to and uses services from the network. Hence, when a new
node is added to COINS, it <can be categorized as a saerver,
user, or hybrid. Fcr example, when a gateway betweern COINS
and scme network X is installed, it too can b2 classified as
one of the thrse entities. If the gateway provides twc-wvay
service ¢f rpermitting users in network X to access COINS
services and permitting COINS customers o access servicas
in X, +then the gateway may be called a hybrid systen. I+
can be inccrporated into the model as a server-TAS.
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IX. COMPARATIVE ANALYSIS

The CCINS/PMO is actively involved with the installation
of thres new TASs. One TAS will be located at Lawrence
Liveracre Laboratory in California, and the second cne will
te at the State Department in Washington, D.C. A variation
of the Lasic TAS will be installed at DIA and serve as a
gateway tetween IDHSC and CCINS, permit*ing IDHSC cusicmers
interactive access tc COINS. Por the purposes <c¢f our
analysis, this gateway is a TAS. 1I* is a source of interac-
tive custcmers <*to CCINS-II. The COINS/PMO is engaged in
prelisinary discussicns with several intelligence crganiza-
tions for installaticns of a TAS at their sites. It light
of this custcmer growth over the naxt several years, we fsel
it would be useful tc ask the model the "What if ..." ques-
tions. What if we had five operatioral TASs? ceeSix
cperaticnal TASs? and on up to eight operational TASs.

The methodology was to run the model, establishing a
baseline ¢f four fully operational TASs. Then fcr each
subsequent run, add a TAS functioning in an operatiornal
mods. The model wvas iterated five times, starting with the
configuraticn of four TASs and ending with a total cf eight
TASs. Table V summarizes the results of these rums. Ornce
again, system time1 exceeds system time of method 1 by abcut
1 mainute, and system time2 is 1less than system time of the
current methed by akcut 4 minutes. Figure 9.1 is the graph
of these results. The interesting result is expected
customer loss. There is a Jjump from a 0% expected lcss with
four cperatcnmal TASsS to a 4% expected loss with five ofera-
ticnal TASs in the current method. The alternative is still
at a zerc expected lcss. For asthod 1, once thers is a
non-zero expected loss at five TASs, expected lcss increases
about 8.6 fercentage points each time a new TAS is added,
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ending with a customer loss rate of 30X% for =2ight TASs. On
the other hand, in method 2, the £first non-zerc expected
customer loss is at six TASs, with about a 4 percertage
point ipcrease for each additional TAS, ending wi*h a

felaleatalst

customer loss rate of 9% for eight TASs. The arrival rate
cf 17.68 customers fer hour wvas used for all TASs. These
expected loss values are plotted in FPigure 9.2 . The slcpe
¢ the lipe describing expected loss for the current systeam
is 0.0768 while the slope for the alternative system is
P, 0.0217.

2 Reviewing these findings in light of the third measure
of prcporticn of interactive work will provide infcrmaticrn
cn what proporticn of the session time is coasumed in doing
interactive work. Using the same runs to construct Taktle V
for the ccaparisons of system <+ines, Table VI was
constructed showing *he proportion of interactive use as a
nev TAS is added to each iteration. It can be seen imwedi-
o ately that fcr method 1, the proportion of interactive use
: is only at 0.61 vhile expected customer loss rises to 30%.
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NUMBER OF TAS'S

A: SYSTEM TIME (CURR L
B: SYSTEN TIME1 zTO TBR INAL)
C: SYSTEM TIME2 (TO

Pigure 9.1 Systes times with increasing TASs.

This is saying while there is only 61% interactive wcrk, the
port allccation schese involved will not be able %c service
0.30 cf the customers in an eight TAS environment. In the
alternative method, the proportion of interactive use is 1.0
and the expected customer lc¢ss rises o 9%. The difference
in <the proporticn c¢f use between the two methods cccurs
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S.D. ABCUT REGRESSION LINE IS 0.02175
REGRESSICN ECUATION FOR B = - 0.103 +0.0218 X1
S.D. ABCUT REGRESSION LINE IS 0.01830

Pigure 9.2 Expected loss rate.

because in method 1, tcth interactive and data transfer wcrk
cccur cn +the 15 SOLIS ports while in method 2, only interac-
tive processing occurs on the 14 SOLIS ports with all Jata
transfers are handled by one high-speed port. The prcpor-
tion cf use remains a+ 0.61 for method 1 because the
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divisicn ¢f vork in a session is not being varied. The
parameters for the amcunt of time the custcomer spends ip the
interactive portion and the amount of data beirg reguested
for transfer have nct bsesen changed. The variable eing
changed is the number of population sources to SOLIS. This
is being increased ficm four to eight. The performancs of
mathcd 2 is clearly rreferable.

The amount of data transferred is the cther parameter of
interest. To study the impact of increasing batch demands
on COINS, we started with a base number of TASs, and for
e each Lase numker, iterated <=hrough <the model +while
increasing +tha transfer demands. The base numbers used were
fiva to eight. Just as we d4id in the original configuration
cf fcur TASs, the nusber of charactars to be transferred is
increased from 89,018 to 209900. Appendix C contains the
supmarized results c¢f these runs. The relationships
observed Lketween the systes time of the current methcd and
systen time!1 and system time2 of the alternate approach
generally hclds. As the amount of data increases, system
time1 increases fros about 1 minut2 to 3 minutes over the
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systea time cf amethod 1.

to 9

sinutes

systen. The

less
interesting

+han

expected customer loss.

the ascunt cf data transferred is incremented,
in the percentage of

loss ranging from 1 tc 3 percentage points.
alternate approach.

correspcanding jump

is not oktserved in tte

of

transfer demands.
entries fcr each netvcrk configuration
example, the second line of Table VII contains the ccndensed
results fcr five TASs functioning undar larger

expected loss

resains

These

And systsa time2 rCanges betwe2rn U
time of ¢he «current

changes in

the systaa
statistic is <the

Fcr the current method, each time
thece is a
expected cus*ower k

This phencmena a

The percertage
the same for all increases in
findings are condensed to one line

in Table VII . For

data trans-

fers ranging froa 89,018 to 209,900 characters. Tha loss
columan indicates a range of 4% to 21% expacted customer
TABLE VII
Banges of systea times and expected loss
CURREN1T ALTERNATE
# SYSTEM EXPECTED SYSTEM SYSTEM EXPECTED
TAS TINE LCSS TIME1 TIME2 LOSS
4 12.43-19.45 .0C-.00 13.17-21.70 8.01- 9,52 .00-.00
S 12.33-19.29 .04-.21 13.24-22.39 8.11-10.30 .00-.00
6 12.24-19,23 .12-.34 13,23-22.29 8.13-10.29 .01-.01
7 12.30-19.16 .22-.44 13,29-22.32 8.19-10.30 .0Q4-.04
8 12.30-16.39 .30-.53 13.35-22.30 8.22-10.21 .09-.09
times are in minutes
loss. Takle VIII is the companion to Table VII The table
shows the range of proportion of intesractive use together
with expected custcmer 1lcss. Por the <current wmethed,
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TABLE VIII
Ranges of proportion of interactive use

current alternate
g:o cction proportion

§ f 3nter- expected of inter- sxpected
TAS active use 0Ss active use oss
‘l 0.62'0.51 0.00‘0.00 1.00 0.00-0.00
5 0.61’0.50 0.0“'0.21 1.00 0.00-0000
6 0.61’0.50 0012-003“ 1.00 0-01-0.01
1 ., 0061‘0.51 00‘2-0-““ 1.00 0.0“'0.0“
8 0.61-0.50 0.30-0.53 1.90 0.09-0.09

propcrticn cf use is about 0.61 when the expected numker of
characters to transfer is 89,018. As the number of charac-
ters is increased to 209,000, the proportion of use drors to
about 0.50. In methcd 1, it is quite apparent that as mcre
of the session time is used for data transfers, the price is
increased expectad customer loss.

Appendix D has ten sets of graphs for the ten different
data traremiesion amcunts. Por each sat, there is cne graph
showing the relaticnships between the system +imes and
another graph comparirg expected loss as the aumber of TASs
is increased. For each expected loss graph, the calculated
regressicr 1line and error about <the calculated 1line is
shown. Alt:hough customar loss also occurs in method 2, the
slope of the axpected loss line for method 2 is consistently
spaller tkan the slope of method 1, as seen in the piots in
Appendix D.

Close examination of the nuambers describing the perfcr-
mance of sethod 2, «raveals that expectad customer loss is
rot necessarily because of larger data transfers, but rathar
the ccnfiquratior is approaching its limits in satisfying
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53 the purely irteractive demands. This is consistent wi<h cu:
?i findings in Table VII, vhere giver a natwork anvironmernrt and
(' a certain customer interactive work-profile, no fluctuations
?ﬁ ‘ are otserved in sxpacted loss for the alternate methcd, as
jﬁ increases in the data transfer sizes are made. Referring to
“» the model of SOLIS as a 2-node network in tandem, [frovides
an explapaticn of this phenomena. Racall that method 2 is
?5 simply a reallocaticn of network «capacity of methecd 1,
G? vhereky 14 cf the available 15 SOLIS ports are devoted only
iﬂ to interactive werk and all batch work is conducted on cane
’ port. Increased data transfer sizes only impacts node 2.
&é It was of interest to uncover the kind of situation that
13; would result in expected custcmer 1loss. A closer look was
fﬁ taker when TASS5 is introduced into COINS. The approach
;‘ taken was for each increase in data size transfer, the
Sj arrival rate was varied from 2.68 +to 17.68 custcmers per
:é hour. Afgpendix E cortains the results of these runms. They
§§ indicate that a configuraticr of four operational TASs with
a fifth functioning at a rate of 5.10 customers per hour,
lj and expected data transfer size of 107,712 characters, the
»Ef network can expect tc lose 1% of the customers.
ﬁ We feel the analysis certainly indicates that a r=allo-
‘ cation of <the interactive ports performs better than the
1% fresent rethcd. Nevertheless, there are other ccncerns ths
fg COINS/EMC must address before deciding on this reallocation
A schene. These lie in the area of implemertation. We have
provided the conceptual basis that reallocation is better
and bhave rot looked a+ the price of implementaticn.
Although examining implementation costs is beyond the sccpe
of this thesis, wve are compelled to mentior the more impor-
% tant aspects contributing to this cost. In cur view, hcst
.ﬁ . to hest prctocol developaent and retwork integration are the
E most serious 4issues. Converting SOLIS from a 2-stage

facility to a 2-node network in tandem requires prccessing

Y U T Y




intelligence in toth SOLIS and the TASs. This needs <o be
{ carefully specified c¢cn the host as well as on the applica-
. tion level.

After the issue cf protoceols has bean addressed, the
rroblems cf network integration becomes paramount. A well
- thought cut transiticna plan aust be develcped, whereby
{i netvork perturbation is kept at an acceptable level. A
f* . transitior generally suggests operating in the o0ld and new
‘ systems in parallel. The COINS/PMO has experience in this
area, since the network transitioned from a star stcrs-and-

iﬁ forward switch netwecrk to one of packet-switching. Dual
Q; services were maintained until all nodes were ready to
o operate at the new level.
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X. CONCLUSIONS AND RECOMAENDATIONS

A. SUNMMARY

1. current Epvjircnaent

Within an orerational network environment cf fcur
TASs and cne interactive database host (SOLIS), the alter-
nate proposal has a work completion time 4.5 minutes less
than with the <current method. This is an advantage if
concern is in freeing an interactive path for a new interac-
tive search and refinement session or getting the data back
to the TAS for fcllcw-on processing of infeormatinn fusicen oo
editing. The alternate proposal takes about a2 minute lcnger
than the present method +¢tc¢ have the data printed at the
terminal site. Froe a provortion of use standpoint, <the
porticn c¢f the interactive capactiy of method 2 when used,
is completely devoted only to interactive work. However, in
methcd 1, «cnly 0.61 cf the interactive capacity is utilized
for interactive work. The remaining 0.39 is used for file
transfer functions. Despite this fact, the work demands of
four TASs with SOLIS do not indicate any expected customer
loss in the present configuration and certainly not in the
alterrate prcposal.

2. Eopuylaticn Grcwth

Customer grcwth was considered as more TASs were
added. A transfcram cf SOLIS from a 2-stage service facility
to a 2-node network in tandem exhibits robustness as the
worklcad increases. It is less sensitive to growth than the
current sethod. As the number of TASs was increased from
four to eight, the completion <¢ime to a TAS was abcut 4
minuteés less in methcd 2 than in method 1, while ccmpletion
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time *c a customer terminal was about a minute longer ir the
alternate than in the current method. In terms of expected

IAPSMNG

[

ﬁ customer loss and prcrortion of use, method 2 displafed an
e expected loss range cf zero at four TASs t0 0.09 at eight
N TASs with a properticn of use of 1.0. The current approach

exhibited an expected loss range of zero at four TASs to
N 0.30 at eight TASs with a proportion >f use of 0.61.

3. Data Iransfer Growth

Fxasining grewth in terms of larger file transfers,

L]

the current method was considerably more sensitive to
changes in filesize than the alternative approach. When the
file transfer size is increased from 89,018 to 209,900 char-
acters, ccampletion time to a TAS in method 2 is comnsistently
4 to 9 minutes shorter than methcd 1. Completion time tc a
terminal in methed 2 ranged from 1 to 3 minu%*es longer “har
the current method. Similarly, while the proportion cf use
remained at 1.0 for the alternate methcd, *this value drcprped
from 0.61 tc 0.50 fur the current method for all environ-
ments as the transfer size increased. An expected custowmer
loss c¢f C.04 is first noticed in the five TAS envircrment
for methed 1 as +ransfer size was increased, whils an
expected 1lcss c¢f 0.01 is first observed in a six 1aS
configuraticn for method 2. For =2ach network configuration
from five tc eight TASs as the data size is increased, the
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e
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expected customer loss in method 1 increases while the lcss
remains cocnstant for method 2. For example, in a six 1TAS
envizcnment, as data ¢transfer size is increasad, the
expected lcss ir method 1 ranges from 0.12 to 0.34 while

B .
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expected loss of method 2 remains constant at 0.01.
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4. Eeview

Table IX was przpared to provide a summarized view
of prcpcrticn of use arnd expected 1loss when “he number of
TASs and data transfer amounts are varied. In +he current
sethcd, the proporticn of use metric is sensitive only to
data transfer increases. The altarnate approach =shcws no
variaticn in this variable. Since expacted loss is cbserved
in both methods as each of the paramet=2rs is varied, we can
only ask the questicn how much better is one from the other,
It is quite evident that wmethod 2 is substantially more

TABLE IX
Condensed Comparison Chart

FEROPCETION OF
INTERACTIVE U(USE LOSS
CURREN1 ALTERNATE CURRENT ALTERNATE
TAS grcwth «61-,61 1.0-1.0 0-30% 0-9%
(4 Tc 8)
Data qrovth «61=-.50 1.0-1.0 0-53% 0-97%
(89,018 ¢
2¢8,<c0)

stable ~“han the current met hod.

E. CCNCIUSIONS

Jct specializaticn has fraquen+tly beern the Gpath to
higher =fficiancy and better performance as systems grow.
So, it 4is no great surprise <that as customer pcpulation
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growth and demand for larger data transfers ars realizsd, =&
configuraticr whecse underlying philosophy is ore of special-
izaticn would perform better than a non-specialized systen.
Custcmer work-profile is a key paramet2r in the evaluation
just performed. The Lkenefits and advantages of +his reallo-
caticn <scheme can only be realized if “he customer
vork-profile remains approximately the same as the ermpirical
data suggests or if the profile charngas in favor cf larger
data transfers. In c¢ther words, if the profile changes to
where users are spending more time in the interactive mcde
than irn the batch mcde, the new arrangement may not imgrove
services and in extreme cases will decrease performance.

C. BRECCHBENDATIONS

In 1light of customer population growth alone, scme
consideration should be given to reallocatiocn. Howevzar,
when both ropulation and da*a <transf2r growtk are antici-
pated, wve reccmmerd serious considsration of this new
allocaticn scheme. This involves 2fforts in the development
and evaluation of host and process 1level protocols and a
carefully designed implementation plan addressing the rreb-

lems of operating in a periocd of tramsition.
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TABLE X
- SOLIS interactive-only time analysis

sclis inpteractive time analysis
(n¢c hard-copy request)

chi-squared goodness of fit test (exponential)
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TABLE XI

SOLIS interactive time analysis

g0lis interactive time analysis
(vith hard-copy request)

chi-squared goodness of fit test (exponential)

n=212 mean = 6.2 minutes

[« s = IVo1V. T P
OO & W~

()

mins. #obs P E(X)
c- 5 133 62 131.
6-10 43 .21 44 .

11-15% 19 .09 19.
16-20 7 <04 3.
«1-2°¢ 4 .02 4.
26-30 4 .01 2.
31=3¢ 2 .003 .
df =5 chi-=qua
alpha critical > .25 1
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- TABLE XII - !
% SOLIS data transfer time analysis ]
N chi-squared goodness of fit tast (a2xponential) y
o
" 2=191 wmean = 6.8 nminutes
3 . chi-squared
N mins. #oks p E(x) statistic
2y 1-5 109 .52 99.3 -947
o) 6-10 45 «25 47.7 «152
* 11-15 20 «12 22.9 «367
c1-2¢% S .03 5.7 .085
" 26-30 1 -01 1.9 <426
i 31-38 2 .01 1.9 .005
i af = 5 chi-square = 2.52
i alpha critical > .25
- TABLE XIII
5 TAS1 inter-arrival time analysis
; chi-squared goodness of fit %test (exponential)
- n=174 wpean = 3.393 ainutes o
> . chi-squared
- mins. #oks P B(x) statistic
0-2 95 .579 100.7 .32
3-5 45 .24 41.76 «25
: 6-8 18 10 17.40 .02
: 9-11 g8 .04 6.96 .15
: 1Z2-14 6 «22 3.48 1.82
- 18-17 1 .01 1.74 .31
2 18-20 1 .003 .52 e
- af = 5 ) chi-square = 3.31
a alpha critical > .25
a
’
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& TABLE XIV 3
3 TAS2 inter-arrival time analysis iy
chi-squared goodness of fit tast (exponential) a
=118 wmean = 6.° minutes )
y ) chi-squared
2 mins. #obs P E(x) statistic
- 0- ¢ 58 «53 63. 1 <42
” 6-10 36 .24 29.35 1.5
16-20 7 . 6. 34 .06
21-25 3 [ ] 2.9 000 .
26-3C 2 .01 1.36 «29 o
31-3¢ 2 .005 .63 2.9 o
>36 1 .004 «55 <36 g
f d¢ = 6 chi-square = 7.03
N alpha critical > .25
y TABLE XV )
TAS3 inter-arrival time analysis -
chi-squared gocdness of fit test (exponerntial)
b n= €1 mean = 11.76 minutes
mins. #0ots P E(x) 8Tror
:‘ 0- 7 a‘ .“9 39.9 0026
A 8-15 20 249 20.2 .0
. 16-23 8 <126 10. 25 .49
“ 2“‘31 6 .06“ 5.19 012“
. 32-38 3 «032 2.63 .05
“0’“7 2 ¢°16 1033 -33
, >ue 1 014 1. 17 .026
' df = 5 . chi-square = 1,046 N
! alpha critical > .25 N
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’ TABLE XVI
e TAS4 inter-arrival time analysis

i chi-squared gocdness of fit test (exponential)
: n= 29 pmean = 22.82 minutes
%; mins. #obs p E(x) arror
Py 1 15 17.9 69
p 3 10 6 0
s 3
7 6

0-
2=
4

6=

i 8 .
4 S -8 1.
-6 9 e
€ 4 1.

b}
nEN
OalngE:

2
2

af = 2 |, ., chi-square = 3.16
alpha critical > .05

.
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IR ’ APPENDIX B
OPERATING INSTRUCTIONS POR INS MODEL

' There are 3 categories of parameter input for +the INS
" model. Infcrmation is required describing host(s) charac-
& teristics, the netwcrk environment and finally TAS and
_: server-TAS descripticns.

- A. HCST CHABACTERISTICS

A

~

B For each interactive hest, the fcllowing iafcrmation
B must ke input:

Q 1. proportion of customers dcing only iateractive work.
_j That is, those cctstomers that will not request a hard-
13 COpy cutput.

FCRMAT: real. For exaaple: .24

; 2. distribution describing <h2 interactive-only session
2 <ime and the parameters for that distribution. This is a
4 series of 3 fields.

) £ield 1: must be integer value of 1 or 2 cr 3, deperdiag
N on the distributicn.

N

: 1 = uniform

: 2 = npcreal

a 3 = gxponential

X FCEMAT: integer. For example 3

'; field 2 and 3: parameters for the distribution and thay

must ke in minutes.
N if uniform: n1 and n2, where distribution is unifecra

'y

tetween r1 and n2.
FCRMAT: real. Por example 5.2 190.3

Salialial
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Zf nerzmal: n1 and n2, vhere nl1 is the mean and a2 is =he

Lo .. - l_.'_.L.'J

standard deviation.
FCRNMAT: real. For =xample 6.8 2.5

if expcnential: n1, where nt1 is the mean. Note for +his
. Case, scme number must be input for n2 ever though that
is meaningless. This is because of a minor inflexibility
in the program structure.

FCEMAT: real. For example 6.2

3. distribution describing <+the amournt of characrtars

requested in a hard-copy command, and the parametzrs for
. +that distribu+ion. This too is a saries of 3 fields.
Their formats are as those described abova.

[

IRT . § NI —§ BRI

4, distribution describing the interactive time when a
- hard-ccpy request is wmade, and th2 pacameters for “hat
' distritu<ion. The parameters must b2 in minutes. This
is a series of 3 fields and their formats are axactly as
these described atove.

5. hi-speed flag: used ¢o indicats whether or act +he

‘Al 4

3 host is to be considered as having a hi-speed transfer
facility vhen the alternate configura*ion is run.

0 = nc hi-spaed facility

.t
Py

1 = yes

6. numcsr of por:s: this is th2 number of in%erac<ive

. pcrts the host is cffering to the as=work.
N FCEMAT: integer. For example 15

B. NETWCEK CONFIGURATION

This is the number of TASs, HOSTs and server~TASs in the
network. The numbers must be input ia that order.
FORMAT: intsgsr. Por example 4 1 0

VTN TR TR P R AT TR T Dy W T WU DR I




IS el

..................................................

Comment: if server-TASs are not to be considerzd as
cffering network services, <then the number of server-TaSs
must ke 2eroc. However, if it s+till functicns as a TAS, they
should be included in the aumber of TASs.

C. 1TIAS AND SERVER-TAS CHARACTERISTICS

The fields and formats describing <+he TAS and the
server-TAS are exactly the sane. TAS characteristics must
be input first, followed by the server-TAS. This is so
tecause the prograa first builds the dacta structures for the
TASs, then the server-TASs. The unique thing akout the
server-TASs is that they also function as HOSTs, hence they
are alsc duplicated in the HOST data structures with an
extra flag-field indicating that they are really a
server-TAS. This flag-field is for port accounting
purposes. If a custcmer from 1 server-TAS requests access
t0 a ne+twcrk resource, its accounting tables as a TAS are
updated to reflect this. Hovwever, its accounting tablies as
a HOST wmust also be updated to reflect a Dbusy ccnditicn.
The fcllcwing information must be input:

1. custcmer arrival rats per hour.

FORAAT: real. For exaasmple, 17.68
2. number cf ports available for interactive work.

FOFMAT: integer. Por exaaple, 24
3. prcperticn of users requesting network access.

FORMAT: real. For example <79
4. The next 3 fields describe the proportion of custcmers
wanting access to SOLIS, USIS, and NUIS. Because of a mirpor
shortccming of the way the program was written, these
numbers asust be cumulative. For example, if there are .80
going t¢ SOLIS, .10 going to USIS and .10 going to NUIS,
*his information must be input as

0.80 «90 1.0
FORMAT: real. Por exaaple .80 .90 1.0

91
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ARRENDIX D
SYSTEN TIEE AND EXPECTED LOSS CHARTS

There are a pair c¢f graphs for each ircrement cf data

«ransfer sizes. Tte first graph shows <tke relationships
between the system times of the *wo msthods. The seccnd is
a plct cf the expected loss of the two approaches. For beth
graphs, the x-axis is the numker of TAS's operatizg in the
netwcrk with arrival rate of 17.68 customa3rs per hour. all
+imes are in ainutes.

,.l

: .,rf—r
LT LD D R LU S

96

| 2 ol il ik g 4
-ty

hphdeh - Y GH
‘
'y
A
::l
;‘
":
X
.,

A ol B B el S N i ok

1 R R IR U I R N

el

‘. LI | « T -
YRR IR L
’ 3

SN C I ; RPN




A A0 - LMabRiSL | SasamAranicange B Sashearharraad - awseluseininiend § ras
~d
()
& .
Q ~ (]
m g (] [ onE] -
§ © EHGn 4
] Zhlag &
[ PIEE4 Q
| Eoo 5
] D ]
] [ A d £
I n 3]
[K=1 -y
m 4 U ¢ «n MMM ®
I~ ¥iwyem -
[ I | ] (-]
] 64 N
' R -]
¢ O Enx @®
[] PR
[ EHE4E4 £
] m nunn -+
1OM  Dabude Lal
m -l Ud o8B NN >
109D ~
[ ] & eteqar ] o0
] “my [
] -
1 ol
[} o
]
(] ]
10 v
w L Ue o +
1 "
] [ ol
] (2]
'
] -
[ ]
uo [~]
w e Wb o
0w E 4 [
(T L B A B I A [ I A | [ I B A -
| 2l u o T3] o 2
D e . . . . ()]
1 4 o - (4] © Lal
for— - - e
n




|
{
|
[}
:
:
:
i
1
{
!
q
l
b |

iy .
y g
-. ! .-—
L -, N\
-
y
-—A
.-. ‘ m-
[
® -n -0 , J
| = e~ petv) -
, ay - @® . <, 4
. e ®N @O ] L
, o =n WO O ] N
P - @ e EHU I~ N ® "o
" 1 nnn o0 oo ¢ A
by \ > ™ . . 3] :
g ' VMY ol O o B
-, ) = + + 7]
b ' b 0 n o "o
£ t n =EE» 0 ™ £ 4
k, “ - M aNN on (1} >
b N MmN - y
, 1Ot GEIEe . . w® L
3 ot m + & DWO on on - ]
b it~ U=m ®= = o ‘)
", " oe - e . .4
¥ 't O X I | A e
X ] es 09 00 " " (..} Sl
) | g <@ = = x
g ¢ - =5 m9 p A
g ' = oG o0 e -]
T, 10D on own » Ry
; - 0 + o= R By S
‘ (XY [ m ] ® xk
. [} =0 =0 /] N LA
. ] o oM 0o .i
g [ HE 03 - X
v ' O »
g | ] = ﬂ e
. ' oD Db S
. [ K=] e MM .
J - s e - - v ]
. 1 ] ] [ S
’ y ) O ¢ O ] A.L
d ' -HO A ) Y
g — [ ] ﬁ . L
", 17, 717 v} ’,
) 0 ' Lo ] B
;) m ' ] g ~ .
~y [ ] '
B lo 8 R (] o
T. o NS o [+ -] (4] "
! m =2 ®
g IR R N RN M
N (51} o o (=4 | o4
e, [S1y] 4 0 @ o
8 M o~ - (=) (=] -y
. [ ) . () . [} [ ]
ﬁ.., (1< o (&) o o
i 3
),
4
.

PO U T AR L) KA RY Y N
PO § . FRONECANYL )




FEYRLORY LN

Rt )
L Y Y
S

P

2 ‘A Yy

‘I"A‘ .1

Rt N ~ & S it

...........

e YT W LY Yoy LT
VLR ST T T TR

97920 EXPECTEL AMOUNT CHARACTERS TRANSMITTED

Qops
Ty

wnnn
v
nuunn

Piqure D.3

Systea times with 97,920 characters.
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67920 EXPECTED AMOUNT CHARACTERS TRANSMITTEL
EYPECTED LOSS
0.360
- A
0.27¢
- A
0.180
- A
C.090+ B
- A
- B
- B
0.0 + 2 E
T T e it pemccnaman
4.0 . 6.0 7.0 8.0
SUMBER OF TAS'S
A: CURRENT SYSTEM
B: ALTEZRNATE SYSTEM
2: BOTH SYSTENMS
REGRESSICN EQUATION FOR A = - 0.350 +0.0832 @1
S.D. ABOUT REGRESSION LINE IS 0.02071
REGRESSICN EQUATION POR B = - 0.103 +0.0218 X1
S.D. ABOUT REGRESSION LINE IS 0.01830

Figure D. 4 BExpected loss with 97,920 characters.

v
CYE

2 YO T ) SRR

e LN Yy

100

A Y i i

-~

.-. ."I.-

CantSeal™y
e
et

K
)
.




il
. % ‘e
‘a2 taly

£

A e

OO S

Sty
¥ 2

~
A<
. .

107712 . EXPECTEL AMOUNT CHARACTERS TRANSMITTED

(N
H Yiorls »
PO AOANPA
SRR A LS

g

4
1400

m
m
[+
W
o

SAALL
[P

4.0

- ]

e At
1 " “
.
[ |

<

12.5

A
e hitetty
PN

L 11.0

LYW -
I
[ ]

DL x
O
[ ]
wn

AL
Wbl e et

Cc o

O

C C

ol 4.0 £.0 7.0 8.0
ER OP TAS'S

EM TIME (CURRENTL
EM TIME1 iTO TERMINAL)
EM TIME2 (TO TAS)

[+ ]
.
o

J'
Qo
s g0 00

";l’ ‘:‘..

.
JUNC R NS

-
" .
i, &

-

Figure D.5 Systea tises vith 107,712 characters.

AR
450y &% e
W0,

a'a

101




P A R
Dl

ST YNy
a4 & s

.

'a

v
2

£ - Y il

Ao B Veva

.
R

1 VEPLNCRY

g
.

]
3
3

107712 EXPECTEL AMOUNT CHABACTERS TRANSMITTED
EXBECTED LOSS
0.366
- A
0.270
- A
c.180
- A
0.090+ B
- 2
- B
- B
0.0 + 2 B
g L L SoTe P
4.0 5.0 6.0 7.0 8.0
NUMBER OF TAS'S
A: CURRENT SYSTEM
B: ALTEENATE SYSTEM
2: BOTH SYSTEMS
FEGRESSION ECUATION FOR A = - 0.365 +0.0882 X1
S D. ABCUT REGRESSION LINE = 0.01780
REGRESSION ECUATION FOR B = - 0.102 ¢0.0217 X1
S.D. ABCUT REGRESSION LINE = 0.01819

Pigure L.6
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EXPECTIEL LOSS
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- - A
0.30 \
N :
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- A
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- A - B
- B
- B
0.0 ¢+ 2 E
T T et it te bl Dttt b LDy
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NUMBER OF TAS'S
A: CUORRENT SYSTENM
B: ALTERNATE SYSTEM
2: BOTH SYSTEMS
EEGRESSION ECOUATION FOR A = - 0.378 +0.0930 I1
S.D. AECOT THE REGRESSION LINE = 0.01409
REGRESSION ECUATION FOR B = - 0.102 +0.0217 X1
; S.C. AECUT THE REGRESSION LINE = 0.01819
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Figure D.9 Systea times with 130,331 characters.
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A: CURRENT SYSTEM
B: ALTERNATE SYSTENM

BREGRESSICN EQUATION FOR A = - 0.393 +0.Q988 X1
S.D. ABOUT THE REGRESSION LINE = 0.01087
REGRESSICN EQUATION FOR B = - 0.102 +0.0217 X1
S.D. ABOGT THE REGRESSION LINE = 0.01787

Pigure LC.10 Expected loss with 130,331 characters.
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S.D. ABCUT THE REGRESSIO LINE
0.19
LINE

- REGRESSION ECUATION FOR B =
. _ S.D. ABCUT THE REGRESSIO

| YR S

FPigure D.12 Bxpected loss with 143,364 characters.
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oo o aonw - pmes mamw W wfp  wn - -t o - - -
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NUMBER OF TAS'S
A: SYSTEM TIME (CURRENTL
B: SYSTEM TIME1 [TO TERMINAL)
C: SYSTEM TIME2 (TO TAS)

Pigure D.13 Systea times with 157,701 characters.
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Pigure D.20 Expected loss with 209,900 characters.
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ARREEDIX E
PIVE TO EIGHT TAS CONFIGURATION

. These Tables are the results of simulation runs of a
five TAS environment, where four TAS's are running in a
fully operational mode and the arrival rate of the fifth TAS
is incra3ased over each run from 2.68 customars per hour to
17.68 custcsers per hcur. For each of thesa arrival rates
for TASS, runs vere @made with varying the data transfer
amount. The lastda ccluan in the Tables rafer to the lamkda
cf TASS. The remaining four TAS's are running at 17.68
customers per hour.

TABLE XXI
5 TAS, 89,018 characters: expected transfer amount

current alternate

systam exptd TOP. system system exptd
lankda time lcgs gf gse tzme1 t¥me2 1025
2.68 122.33 -0 .61 13.18 8.05 .0
5. 10 12.33 . Q006 61 13.21 8.06 .0
5.61 12.32 «011 .61 13.21 8.07 .8
6.20 122.33 . 009 «61 13.23 3.08 -
7.47 12.32 .012 «61 13.22 8.08 .0
9.04 12.34 +015 «61 13.22 3.07 .0
12.03 1%.33 .820 .61 13.23 8.10 -0
14.8 12.33 - 031 .61 13.23 8.10 .001
17.68 12.33 . 039 «61 13.24 8.11 .001
times are in minutes
lamtda rate is per hour
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TABLE XXII
S TAS, 97,920 characters: expected transfer amount

alternate
system exptd
time2 1loss

system
use timetl
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exptd

current
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TABLE IXXIII
107,712 characters: expected tramsfer aamount
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alternate
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TABLE XIXIV
S TAS, 173,871 characters: expected transfer amount
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1o§s
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time2
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TABLE XXV
S TAS, 190,818 characters: expected transfer asmount

ystem exptd
time2 loss

alternate
s
+

system
timel

Top.
use
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tine
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= ARRENDIX P

~ ‘ BVENT LOGIC DIAGRAAS

N This Appendix cortains the logic diagrams of the inter-
N rally generated events of the INS model. The following list
j: of terms and definitions are included to aid in the reading
?E of tke diagraas.

’ 1. THCUEUE: Queue cf network requests. There is cne for
;2 every possible ccmbination of TAS and HOST. TASKs are
:E placed in the appropriate THQUEUE as 12fined by the
=z TAS and HOST identifier.

2. TASK: Temporary entity that may belong to a THQUEDUE.
éi 3. LQUEUE: High-speed facility queue. There is one for
2 every possible combination of TAS and HOST. LTIASKS
‘%3 ace placed in the appropriate LQUEUE as defined by the

TAS and HOST identifier.
SR 4. LTIASK: Temporary entity that may belong to a LGUEUE.
;f 5. MU2: Expacted service time for the Interactive sassion
If when hard-copy demand is also raquested.
» 6. MU1: Expected service time for an interactive session
w3 when nc hard-ccpy demand is submitted.
fg 7. #8331: Bxpected service time for data transfer irn the
o current method.,
i 8. MU32: Expected service time for the data transfer in
f; the alterpate method.
Ei 9. GEBETURN: Return to the SIMSCRIPT II.5 timing routinpne.
L7~
3
S

ot "

§
s
a2
A

-
a.a
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-

MAIN

trrreraeccecrseccsn cececeaaceceeeae ewede

initialize model variables I
read parameters

- - -

AP - S

create permanent entities - paths between tas |
and host ] .
print network configuration

P B B P T P B PP PN EECEE BT G T D . -

iterate through mcdel for current method then
for alternatée method

pr oo e ncecsccccacroces camaaaoEa® e mem o oo o d

initialize randoa number seeds

schedule cust¢mer arrival to tas

start sisulation

at terminpaticn, grlnt results

{ reset mocdel variables |

P R OO OO B OO EEmEEo o - - " - anup

bomap-

jend|

BN S

Figure P.1 HMAIN.
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S e e e T e N e S T T T ET AT T E T aT e T YA LYY W

oo veaeecvcaveececaeaee oo -------------------—-—-*-

schzdule the nex+t customer in amount of_time I
the exponen+ial inter-arrival
dzstributlon wzth parameter 1/lambda |

oo vcoscancocncaccanceoen coew -GS - - DE e @ - - -

i
TASX.ARRIVAL: custcmer arrival to a tas ]

lsus.omer network reguest { :

yes Y]

Prmnacas e aweanm e emnaean fER aDmw B - - - > -

’1. determine datakase host | |
2. determine work profile |

trcoccacce- — - - - - - - - - - - - ‘

RETURN
available none available
bovcocomacvocvadpeosvonocn ceneceacccomaon wewamaaoe =
| (

S L T St R et ===t fecc—cmreccccccccme-e=- +-
1. seize rescurce 1.1if queues peraitted
2. if hard -copz demand create temporarcy

schedule even fcr task with customer
cu:tomer to send attcibutes
int - cmd in amt of £ile *task in appro-

ime defined b expo- _briate thqueue
nential distribution 2. if no _dueues,
with rarameter mu2 customer is lost to
3, if nc haréd-copy the system
demarnd,

schedlile customer

departure in amt of

time d<fined by expo-

nential distribution

with parana mu1

e nncer e m e - — - brcmaa= recscccacccenn e - +-
RELURN REiURN

Pigure P.2 TAS ARRIVAL.
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THLEEAERT Custoser departures for current me+thcd
and fcr cases when no hard-copy requests are made

e r e m e e rcc e cr e ree e e - ——-f-

update accounting variables
release network resources

e ccnccccrcecen == R R T -

P PR B R BB EDw @ D D W - - - - - - anum wwan o -

lIf any cthar departures a* this same time instant,|
1. remcve this evert from the events list {
2. update accounting variables |
3. L€lease netwcrk fesources ‘

P oo B e R - B ECE L P D D - . - - - . - - - - - -
{
o coacacvcea oo aceseoaeees eee fevceccccaccvnecencecanawecaa aasaed e

1. search through all cn-emptg thqueue's for a
task that can be serviced by the available
Iescurces.

2. if such a task is found,

ramove task frcam thqueue

seize the netwcrk rasoqurce

if no hard-cog; demands, ) )
schsdule custcaer departure in amount of tinme
defined by exponential distribution with

. _Farameter mul

if hard—copg desand, L
schedule evant to send print-command %o_tas
inp amount of time defined by exponential
distribution with parameter au2

P am e BEmmme R P BT I " - D G D . . -

\

RET&RN

Piqure F.3 THDEPART.
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USENLC: Customer sends prirt command to TAS

P P R E BB TD PO O E O ODD DO DD . DD D WD D B W " - - - b=

schednlg event at the user-tas to handle
user ilnt ccamand in the aaount of <ime to

transait comsand from teraminal to cpu
$mmmcccnccna e ccccnes - i-- ---------------------- +-
RET ;lRN

Figure P.4 USEND.
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UC.AREIVAL: At TAS to handle print command

oo nsveceovcecvncnec emcvceoocaoaneceo oo aaade

‘ state of tas resource

T T T T L L L Y X

busy { free :
A D W D D W A DD WD YD P W A WD W AP T W U W > wn s - q
oo ancor aommem men oo ome oed bovomcncanemvnvcoccoaan anede ;
1. create temporary I 1. set tas resource 3
éntity, utask with usy ]
custcmer attributes 2._sSchedule event *o '
2. fil2 stask in tas relzase tas rescurce
queue in amount of time %o ¢
process the {
request
...... - apan W@ W e " o f-----s-----c----------#-
{
RE&URN RB&URN

Pigure F.S UC.ARRIVAL.
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SC.ARBIVAL: Print command arrives at host

oo ceccsnvcoe craacaccaon o= X LR X

1. state of host resource l

- M WD = P D D - - - - o fpws

I

busy ' frae

S S L LT T P -

1. create temporary { 1. set hos*t resocurce |
entity, stask wi*h busy
cust¢der attributes 2. Schedule event *+o
2. file stask in host release host r:zsource
queue in amount of time to |
’ , repare data for
ransmissiorn
LAl Sl d et R et ol Lol ek $Prrmcnccc s cccsmeccaccscaads
EETURN RETURN

Pigure P. 6 SC.ARRIVAL.
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SC.DEEART: host has <completad preparation of
data fcr transfer

oo covenanee cseacaaname e E X

| set host resource free |

P S PO

| methecd |

L R L Rl 2

cuIrent , alternate

Prcccc oo cen frcceccccecenceee ——— -

O R L T T et

release network
resources

oo vcacca e - v ap a» o» o> - - an -

cchedule a conglet;on of data
t ansfe* cf tige de-

by the expcnent al dis-
tt huticn vith parameter mu3l | |

Promcnaecner e acaceccean eanm Gm oo e ed oo nacncseccanaa= L T

== ’

state of host ,state of high speed facility|
queue {

P cvcncccacccad frccvcrcccccccccccscncen ccacaa b=

busy I free

B T e e

QU L prercccecccc e cnem e cme -

1. create teasporary | ‘1. seize high speed

ltask with cus- resource b
“omer attritutes 2. schadule comple-
2. file ltask in tion of data xZer in

lqueue ant of tlme defined
bx tne exponential
strabut on _with
paramater mu32

RN Y Pt=¢ O -
(z2 | {z1 | 1z1 |

Pigure r.7 SC.DEPART.
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a5

{

oo SC.DEPART (continvation 1)

b

3:_.,‘ tem——p -

il 1 21 |

~ . e

_.’.-: oo covenacen proacaaveca e - -
30 | state of thqueue |
o R L g P
‘.:‘ '

. not empt an
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ARRENDIX G .
INS PROGBAM LISTING

This Appendix cortains the program listing for the simu-
lation mcdel and the Job Control Language statements that
were used to run th2 simulation at the W. R. Ckurch Computer
Center.
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